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FOREWORD

The U.S. Army Medical Bioengineering Reseerch and Development

Lzboratory (USAMBRDL), Fort Detrick, Frederick, MD, has been conducting
a research program since 1973 for the purposa of developing the scien-
tific data base from which water quality criteria for compounds unique
to the munitions industry could be determined. A water quality criterion
(as defined by the amended Clean Water Act, 1977) is a qualitative or
quantitative estimate of the concentration of a pollutant in ambient
waters that, when not exceeded, will ensure a water quality sufficient
to protect a specified water use. The criterion is a scientific entity
based solely on data and scientific judgment. It does not reflect con-
sideýrations of economic or technological feasibility. Currently, a

water quality criterion consists of two separate numerical limits, one
for the protection of human health and the other for the protection of

aquatic organisms. These numbers, when translated by the appropriate
regulatory agency, can be the basis of enforceable discharge or effluent
limitations in a point source discharge permit issued under the Clean

Water Act.
I

"Since a water quality criterion is to protect designated water
S•"uses, a diverse, multidisciplined research program was developed by

USAMBRDL that includes "effects" studies on laboratory and domestic
animals, wildlife species, aquatic organisms, plants, and economically
important crops. In addition, extensive chemical and biological fate1 and persistence tests are conducted to provide information on the be-
havior of a pollutant in the aqueous environment. These kinds of data

A -" are especially useful for making site-specific translation of criteria
into enforceable discharge limits.

This report represents a portion of the mammalian toxicology
data base being developed by USAMBRDL on materials related to the use
and disposal of trinitroglycerin.
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PREFACE

[ This report was prepared at Midwest Research Institute, 425
Volker Boulevard, Kansas City, Missouri 64110, under U.S. Department of the
Army Contrict No. DAMD-17-74-C-4073, MRI Project No. 3900-B, "Munition
Compounds Mammalian Toxicity Study." The work was supported by the U.S.
Army Medical Research and Development Command, Department of the Army.
Dr. Jack C. Dacre, Environmental Protection Research Division, USANBRDL,
was the contract officer's technical representative for the project.

This work was conducted in the Biological Sciences Division under
the directicn of Dr. William B. House, between October 1, 1975 and March 31,
1978, and Dr. Harold M. Hubbard, between April I and September 30, 1978.

The experimental work was directed by Dr. Cheng-Chun Lee, Deputy Director,
with the assistance of Dr. Harry V. Ellis, III, Senior Pharmacologist.
Mr. Jack H. Hagensen, Supervisor, supervised the animal experimentationi

with the technical assistance of Karen J. Smith, E. Renee Walton, Darrell L.L Lavish, Pam J. Saunders, Linda J. Ryhal and J. Christopher Unger.

Dr. John R. Hodgson, Head, Biochemical and Developmental Pharmacology,
supervised the studies on metabolism, cytogenesis and mutagenesis, with
technical assistance of Daniel L. VanGoethem, Mary A. Kowalski, Maxine

Hainje and Rita D. Freeman. Mr. Jan L. Minor, Assistant Toxicologist,
supervised reproduction studies and the computer program and analysis ofH i experimental data, with technical assistance of Timothy M. Unger.
Dr. Danny 0. Helton, Senior Chemist, performed the TNG assay in feed.

Dr. C. B. Hong, Senior Veterinary Pathologist, supervised the necropsyL and the histology preparation and with Dr. Helmuth Sprinz, Consulting
Pathologist, performed the microscopic examination, with technical
assistance of Ellen R. Ellis, Kerry L. Crabb, Janet Kliethermes,
Ernesto A. Castillo, Judith Shifrin, and Hung D. Hoang. Miss Judith D.
Girvin (ASCP certified M.T.), Labortory Supervisor, supervised the hema-
tology and clinical laboratory tests, with the technical'assistance ofA r Ilonna S. Elwood, Duane R. Smith and Bhanu S. Gosalia. Dr. Betty L.

Herndon, Associate Pharmacologist, prepared the water quality criteria.
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Acting Director
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SEXECUTIVE SUMMARY

L The effects of trintitroglycerin (TNG) after oral dosing for
up to,2 years were studied in dogs, rats and mice. Ancillary studies in-

cluded cytogenetics analysis of kidney and bone marrow cells cultured from
dogs and rats, a dominant lethal mutation study in rats, a three genera-
tion reproduction study in rats and metabolism studies in rats fed TNG
chronically.

L •Dogs were given daily doses of 0, 1, 5 or 25 mg/kg of TNG in
capsules for 1 year. Periodic blood tests found an occasional dose-
related incidence of transient methemoglobinemia. This small amount of
methemoglobin is readily corrected by the body, because we saw no ac-
companying effects on body weight, feed consumption, other hematology tests,
clincial chemistry and histopathological examination.

In rats, the low dose produced TNG intakes of 3.04 mg/kg/day
and 3.99 mg/kg/day in males and females, respectively, but no apparent
toxic effects in the 24 month study. The middle dose, 31.5 and 38.1 mg/kg/
day, respectively, caused some hepatic lesions (areas or foci of hepato-
cellular alteration). The high dose, 363 and 434 mg/kg/day, respectively,
caused many adverse effects, including decreased feed consumption, de-
pressed weight gain, behavioral effects (decreased activity, failure to
groom), and methemoglobinemla, with some excessive pigmentation in the
spleens and the renal epithelium. In the liver, the lesions seen in
middle dose rats had developed through the stage of neoplastic nodules to
hepatocellular carcinomas, some of which metastasized to the lung. In
addition, the livers were extremely large, primarily from extensive

cholangiofibrosis. Interstitial cell tumors in some high dose males
caused aspermatogenesis. One beneficial effect, a decrease in the
naturally occurring incidence of the most common tumors in this strain of
rats (pituitary chromophobe adenoma and mammary fibroadenoma), contributed
to an increased lifespan in these high dose rats, especially the females.

In mice, no adverse effects were seen with the low (11.1 mg/kg/
day TNG intake in males and 9.7 mg/kg/day in females) and middle (115
and 96 mg/kg/day, respectively) doses during the 24 month study. The
high dose (1,020 and 1,060 mg/kg/day, respectively) caused lower feed
consumption and weight gain, behavioral effects (decreased activity, failure
to groom) and methemoglobinemia and sequelae (Heinz bodies, reticulocytosis,
and deposits of pigment in the liver and some other organs).

There were no apparent TNG-induced mutagenic effects in the cyto-
genetics analyses of cells from dogs and rats and in the dominant lethal
"mutation study in vats.

lxi



The three generation reproduction study found adverse effects
in the high dose rats. These were the result of the decreased feed intake
and consequent poor nutritional status of the females and decreased spermato-
genesis (accompanied by increased interstitial tissue) in the males. There
was no specific teratologic effect or other specifically reproductive
effects.

The results of metabolism studies in rats fed TNG for 3, 12 or
24 months were substantially the same as those in rats not fed TNG,
despite the massive liver toxicity in the TNG-fed rats. TNG was well
absorbed, widely distributed and concentrated only in liver. TNG was
rapidly denitrated toward glycerin. The partially nitrated compounds were
glucuronidated and excreted in the urine. The glycerin was excreted in the
urine, oxidized to C02 , or converted into a variety of other metabolites.

It is significant that the adverse effect of TNG was noted only
at doses vastly larger than the maximum recommended human dose - 0.14
mg/kg/day.

Because TNG has carcinogenic effects, an ambient water concentra- ..
tion of zero is necessary for maximum protection of human health. However,
using EPA developed methodology, exposure to 2C.9 pg/liter of TNG for a life- ""
time produces an estimated risk of 10-5 (one in 100,000) that a tumor will
develop in man. A ten-fold decrease in dose would produce a ten-fold de-
crease in the estimated risk.

I.
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I. INTRODUCTION

Under Contract No. DAMD-17-74-C-4073, entitled "Munition Compounds
Mammalian Toxicity Study," we have performed a variety of studies, divided
into three phases. Phase I, Effects of Acute Exposure, includes acute oral
toxicitity, primary skin and eye irritation, dermal sensitization, and dispo-H i sition and metabolism studies. Results were reported in Progress Report No.
i.1/ Results on additional compounds plus in vitro mutagenic (Ames test)
studies were submitted as Report No. 6.1/ Phase II, Effects of Multiple
Exposure, includes subacute and subchronic toxicity, reversibility, immuno-
logic response, chemical-biological interaction, mutagenicity, and disposi-
tion and metabolism studies. Results were presented in a series of reports
on the compounds tested, trinitro glycerin (TNG),--/ 2,4-dinitrotoluene
(2,4-DNT),.±/ 2,6-dinitrotoluene,./ and nitrocellulose (NC).A' Phase III,
Effects of Life-Time Exposure, includes chronic toxicity, reversibility,
reproductive, cytogenetic, and metabolism studies on three of those compounds,
2,4-DNT, TNG and NC. This report contains the results of studies on TNG.

I-i
i ' I
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LA I!. M&LTERIALS AND METHODS

Materials and-methods employed in these studies are described below.

A. Animals

1. Sources

Young, healthy beagles were bought from Hazleton Research Animals
(Cumberland, Virginia). Young healthy CD®rats and CD-l@ mice were bought
from Charles River Breeding Laboratory (Wilmington, Massachusetts). All
animals were maturing. They were conditioned in our animal quarters for at
least 2 weeks.

2. Housing and Animal Husbandr.y

SDogs were kept in dog pens with outside runs. Up to 12 dogs
shared 60 sq ft of heated inside space and 120 sq ft of outside space.
Water was available continuously. Dogs were fed ad libitum or as de-I'
scribed below under feed mearurement. Runs were cleaned daily.

Rats and mice were kept in plastic cages with hardwood chip
bedding, metal lids and filter tops. Bedding was steam-sterilized before
use and changed at least weekly. Cages, tops and water bottles were steam-
sterilized before use and changed weekly. Feed and water were available
at all times. Usually two male rats, three female iats, four male mice, or
four female mice were housed in each cage and differentiated by ear-punchee.
Some groups (especially male mice) were subdivided to prevent fighting. The

L " rodent quarters are fully air conditioned, with 10 air changes per hour,
maintained at 75 ± 50F aad 50 ± 10% relative humidity. The room air is
passed throuh1m ftIters to remove 99.9% of all particles lirger than 0.3 P

IT Lighting is controlled by a timer providing 12 hr on and 12 hr off.

All animals were observed daily for toxic signs &nd behavioral

achnges and were provided medical treatment as nec~esary for nontest in-
Juries under the supervision of our veterinary pathologists. The typical
case was injuries due to fighting, which may be treated by isolation, clean-
ing the wounds, and antibiotic therapy, systemic and local.

ii



B. Basic ProtocolI

1. Dose Levels and TreatmentI

I.We used a control group and three treatment groups, spaced at equal
logarithmic Intervals. With dogs, the doses of TNG in the respective treat-

ment groups were 1 mg/kg/day (low), 5 mg/kg/day (middle), and 25 mg/kg/day
(high). With the rodents, dosage levels of 0.01% (100. ppm), 0.1% (1000 ppm),
and 1% (10,000 ppm) in the diet were used, respectively.

Dogs were dosed daily with capsules. Because of the bulk of the
dosing mixture, high-dose dogs received two capsules of the 10% mixture.

PMiddle-dose dogs received one capsule of the 10% mixture, and low-dose dogs I
received one capsule of a 2% mixture prepared by dilution with lactose in a
ball mill. Control dogs received two capsules containing lactose. After
each weekly weighing, capsules were prepared for each dog for the following I
week.

Rodent diets were prepared weekly. The 10% concentrate was mixed
with feed in a rotating box on a modified cement mixer to provide the diet

maixtures by successive dilutions. The control rodents received a mixture
containing 10% dried feed in ordinary feed.

2. Number of Animals and Identification

Each group consisted of equal numbers of males and females. The
beginning number of dogs was six of each sex per group, of rats 38 and of 1
mice 58. Additional rats were included for the three-generation (20 females
in each dosage group) and metabolism (12 males and 12 females, each, in theII control, low dosage and high dosag,. group) studies. A few extra rodents
were added to replace early losses. I

Each animal is assigned a three- to five-digit number. The first

two digits indicate the dosage groups for TNG, i.e., 80, 81, 82 and 83 for
the control, low, middle or high dose group, respectively. The last one
or two (dogs) or three (rodents) digits are the animal numbers within each

species.

3. Schedule

a. Dg

All the dogs were bled from their jugular veins for hema- I
tology and clinical chemistry tests before dosing and at the end of 3, 6,
9, and 12 months during dosing. They were weighed weekly. Feed consump-
tion was measured 1 week each month. We originally intended to conduct
a 24-month study. Near the end of the first year, observed effects were

minimal. Our Advisory Committee concluded that we would learn little froma

6



Ithe second year of the study because only a lifetime (7-10 year) study
could provide additional data. Therefore, after 12 months dosing, three
male and three female dogs from each dosage group were killed for necropsy.
The treatment of the remaining dogs in each group was discontinued for 4
weeks. These dogs were used on a recovery study and killed for necropsy at

Uthe end of13 months.
b. Rats

U Four males and four females from each dosage group were
bled for hematology by cutting off their tail tips before dosing and at
the end of 3, 6, 9, 12, 18 and 24 months during dosing. As much as poe-

sible, the same rats were used at each bleeding. If a bled rat died or- - his tail became too short, another rat was substituted. Rats were weighed
weekly for the first 6 months; after weight gain leveled off, they were
weighed biweekly. Feed consumption was measured during the first 4 weeksI and then during the last week of each month. After 12 months dosing,
f our males and four females from each dosage group were bled from theirI~l aortas for clinical chemistry and killed for necropsy. A second group
of four male and four female rats from each dosage group was started on
a recovery study without treatment for 4 weeks. These rats were terminated

at 13 months. After 24 months dosing, a similar recovery study was started
and the remaining surviving rats were killed for necropsy, with eight from
each group bled for clinical chemistry. The recovery rats were terminated
at the 25th month.

c. Mice

Mice were weighed weekly for the first 5 months; after
~~II their weight gain leveled off, they were weighed biweekly. Feed consump-

tion was measured during the first 4 weeks and then for 1 week each month

r thereafter. After 12 months dosing, four males and four fema.Les fromii each dosage group were bled from their aortas for hematology and killed
for necropsy. A second group of four male and four female mice from each
dosage group was started on a recovery study. After 24 months dosing, a
similar recovery study was started and the other surviving mice killed
for necropsy, with eight mice from each dosage group bled for hematology.
The recovery mice were terminated at '-he 13th or 25th month, respectively.

Li C. Test Compound

1. Sources

A commercial mixture of 10% on lactose (SIX. No. 17, Atlas ChemicalI UDivision, ICI America Inc., Wilmington, DE) was used to dose the dogs. The
rodents were dosed with a concentrate prepared at Picatinny Arsenal, Dover,

7



I
NJ, under the supervision of Mr. Louis Avrami. We shipped a quantity of

our feed (Wayne Lab-blox, Allied Mills, Inc., Chicago, IL) to Picatinny.

The feed was dried to 0.12 moisture, mixed with pure THG to give a 10 I
mixture, packaged in plastic bags inside cardboard boxes and shipped to

our underground magazine (Beyer Crushed Rock Co., Kansas City, MO). I
There we sampled the feed as it was transferred to 5-gal. glass jars, with

aluminum foil sealed wooden plug tops held in place by springs. Exact
concentration of TNG was determined to adjust the first dilution ratio to

produce the desired concentration. Picatinny also shipped a quantity of I
the dried, TNG-free feed. This was added to control feed to correct for

potential effects of the drying operation.

2. TNG Reference Sample Assay

Assay of a reference sample of TNG is discussed in Appendix III. I
3. Extraction rrocedure

A 2-g sample was transferred to a 30 ml bottle fitted with poly-

ethylene seal cap. The sample was treated with 20 ml heptane and shaken

for 20 min using a BurrellI wrist action shaker. A 5 ml aliquot was
transferred to a 15 ml centrifuge tube an~d centrifuged for 10 min. A
1 ml aliquot was withdrawn and diluted with heptane such that the re-
sulting solution concentration was about 5 ng TNG/ml.

4. Assay Procedure

Instrument: Bendix 2500 with 6 3 Ni electron capture detector.

Column: 1.83 x 2 m I.D., glass
1.5% DC LSX-3-0295 V
1.5% GE x E-60 or Gas Chrom 0

Flow rate: 40 cc N2/min
Temperatures: Column 130*C

Injector 135*C
Detector 200*C

Results: TNG elutes at 7 min. Use of a higher injection tempera- L
ture causes decomposition.

5. Stability of Nitroglycerin on Rat Feed

Two feed levels of NG were prepared (0.5 and 0.05%). Duplicate
samples were immediately taken and analyzed (Sample 1). Duplicate samplesl

were also taken and frozen (Sample 2).

Two rat cage feeders per NG feed level were filled and stored

in the normal manner. Duplicate samples were taken after 4 days from the

feeders and frozen (Sample 3). After taking the 4 day samples the feeder

contents were discarded. I
8



Duplicate samples at each feed level were then taken from the

original storage cans (Sample 4) and frozen. Part of these latter samples

were placed in feeders in the normal manner then sampled after 4 days

1. (Sample 5) and frozen. Duplicate sumples were removed from the storage

cans (Sample 6) and frozen. The results were:

V K• Level about 0.5%

Sample 2 N4G % Remaining

1. Time zero-fresh 0.41 + 0.02 100 + 5

2. Time zero-frozen
plus 8 days 0.41 + 0.02 100 + 5

3. 4 days in feeder 0.39 + 0.02 95 + 5

4. Sample from can
after 6 days
storage 0.41 + 0.03 100 + 7

5. Sample No. 4 after
CA 4 days in feeder 0.36 + 0.02 88 + 5

6. Sample from can
after 8 days 0.38 + 0.02 93 + 5

Level about 0.05%

S Sample % NG % Remaining

1. Time zero-fresh 0.042 + 0.002 100 + 5

2. Time zero-frozen
plus 8 days 0.042 + 0.002 100 + 5

3. 4 days in feeder 0.040 + 0.002 95 + 5

4. Sample from can after

4 days storage 0.038 + 0.002 90 + 5

5. Sample No. 4 after
4 days in feeder 0.031 + 0.004 74 + 10

6. Secondary Amine Contamination

a. Rationale

El When the presence of hepatic carcinogenesis was noted

during the later portion of the study, exogenous carcinogens were con-

I sidered. If aflatoxin or similar compounds were found in the feed, ef-
fects would be seen in all dosage groups. However, the ING could react

with endogenous compounds to form nitrosamines, whose concentration would

be proportional to the TNG content. These hypothetical. reactions would

occur primarily in the 10% concentrate, since the dilutions are prepared,

fed and discarded within 10 days.

I 9
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The only nitrosatable compounds would be secondary aeine•. LI
The only major natural secoiidary amines are praline and hydroxyproline.
Although present in corn, fish, and other feedstuffs, essentially all is
tied up in proteins, so there are negligible secondary amine groups avail- Li
able for reaction. Other natural secondary amines (spermine, spermidine,
etc.) are trace constituents, if present at all, in feedstuffs. Diphenyl-

amine is coL'only used at concentrations of 1 or 2% in TNG and TNG mix-
tures (such as smokeless powders) as a stablizer. No diphenylamine should
be in the TNG used here, but mistakes can occur. If it was added, some

would probably react to form nitrosodiphenylamine, a known carcinogen. 28/
Therefore we assayed the 10% TNG on feed concentrate for diphenylamine.

b. Methods H

Samples of feed (control and 10% Tma) were extracted twice
with 10 volumes of acetonitrile. Aliquots of the extract were analyzed
by RPLC under thktse conditions:

Column: V Bondapak C1 8, 300 x 4 mum I.D. I
Eluent: 60/40 acetonitrile/0.01M ammonium acetate, pH 4.0 1
Flow rate: 1 ml/min
Detector: UV, 286 nm
Injection- 15 to 20 11

| I The amount present was quantified by the use of a standard Li
addition of uiphv.nylamine to duplicate samples.

c. Results

The method gave linear results over a concentration range
of 100 (21 to 2,100 ng diphenylamine injected). No diphenylamine was Li
found in control feed or in 10% TNG on feed. Tie limit of detection was

5 ng, so the conzentiation is less than 5 ppb on feed, or less than 50 Jr
ppberei•tive to TNG.

10
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D. Procedures

1. Observation

LiAll animals were observed daily for toxic signs and changes in
behavior and general health.

2. Body Weights

Body weights were taken as mentioned above. Dogs were weighed
to 0.1 kg, rodents to 1 g.

3. Measurement of Feed Consumption

The feed consumption of the dogs was measured by placing them in

a metabolism cage, giving them a measured amount of feed, waiting 0.5 hr,
then returning them to their pen and estimating the remaining amount of feed
by volume. This value was converted to weight by a factor determined by
averaging the weight of 20 replicates of volume measurements. Feed con-
sumption of the rodents was determined by weighing the feed and container

placed in the cage and that remaining I week later.

4. Unscheduled Deaths

(1 If an animal appeared moribund, he was killed and necrops-ed as

K! described below. If an arnimal was found dead, he was necropsled as thor-
oughly as possible, but no blood samples or organ weights were taken. If
an animal received a serious injury or lesion, causing pain and suffering
(such as an ulcerated tumor), he was killed and necropsied as if moribund.

E. Hematology and Clinical Chemistry

1. Hematology

The hematology battery included erythrocyte, reticulocyte, leuco-
v cyte and platelet counts, hematocrit, hemoglobin, erythrocyte indices,

methemoglobin, Heinz bodies and (for dogs) clotting time. Details of
methodology are summarized in Appendix I.

2. Clinical Chemistry

The clinical chemistry battery included fasting blood glucose,
serum glucamic-oxaloacetic transaminase, serum glutamic-pyruvic transaminase,
alkaline phosphatase, and blood urea nitrogen. Details of methodology appear

in Appendix I.

3. Immunoglobin E

Immunoglobin E (IgE), the allergic or hypersensitive antibody,
was associated with anaphylactic reactions in humans../ Serum concentrations
S1].



of Ig1S were determined in all clinical chemistry samples, using the immuno- I
diffusion technique of Mancini.V/

4. Special Tests

If indicated by symptoms or other test results, special tests such
as serum electrolytes were performed.

5. Statistics

Data were analyzed using Dunnett's multiple comparison procedure
following an analysis of variance, as described in Appendix T. J.

F. Necropsies I
1. Killing and Gross Examination

Rodents were killed with ether and dogs with an overdose of sodium
pentobarbital. The necropsy was performed as soon after death as possible.
Gross abnormalities in all tissues are observed and recorded.

2. Organ Weights

The brain, heart, liver, kidneys, spleen, gonads, and (dogs only)

adrenals, thyroids and pituitary were trimmed free from surrounding tissues
and weighed. The absolute weights and organ weight to body weight and/or j
brain weight ratios were analyzed statistically. Abnormal growths were
measured and, if practical, trimmed and weighed.

3. Histopathology

Tissues routinely taken for histopathologic examination are listed
Sin Table 1. In addition, all tissues with gross abnormalities were taken.

Processing is detailed in Appendix I.

G. Recovery Studies

ad2 Recovery studies were performed after each scheduled necropsy (12
and 24 months). The compound treatment of one male and one female dog or
four rodents of each sex was discontinued. They were given the control

treatment (lactose capsules or feed without compound, as appropriate) for 28
days. During this period, their weight and feed consumption were determined
weekly. At termination, blood samples were taken from the jugular vein of
dogs or the aorta of rodents for hematology and (except mice) clinical chemis-
try. The animals were then killed and necropsied. Detailed procedures are
as given above.

12



H. Three-Generation Revroduction Study

I 1. Study Design

The study design is illustrated in Figure 1. The initial groups
of rats used as the parental generation (Fo) were started at the same time[ as the chronic toxicity stmdy. Rats of each group, parents and offspring
of each generation, received the same control of TNG-containing diets as
in the chronic study. For the F0 generation, 10 males and 20 females from
each dosage group were mated after receiving the test diets for 6 months.
Each male was housed with two females from the same dosage group for 14
days. Offspring from the matings (Fla, first litters) were discarded at
weaning. The F0 rats were again mated. Twenty to 24 offspring of each
sex from this mating (Flb, secondl litters) weze randomly selected (with
approximately equal numbers of pups from the various litters) from each

I dosage group at weaning. The Fo females and surplus pups were discarded;
the Fo males were retained in the chronic study. Each Flb male was mated
with a female within the same dosage group for 14 days at 3 months of age.

IThe F2a generation was discarded at weaning and the Flb rats were terminated
at weaning of the F2b pups. The F2b rats were then selected and mated at

months of age according to the same procedure used for Flb. The study was
l• terminated upon weaning of the F3b rats.

2. Evaluation

At birth, all offspring were examined for gross physical ab-
normalities and the number of live and dead pups of each litter were
recorded. Survival and body weight were recorded at 0, 4 and 21 days.

Reproductive performance for each parental generation was quanti-
fied by: the mating ratio (the number of copulations to the number of

SI male-female pairings), and fertility ratios for each sex (the number of
malen or females with offspring to the number of that sex mated). Re-
productive performance for each litter was quantified by: the litter
size, the liveborn index (the percentage of the total number of pups
liveborn), the weight of liveborn pups at birth, the viability index (the
percentage of the young alive at day 4 surviving to weaning), the weight
at weaning, and the sex ratio (the number of males to the total number of
offspring). Details of procedures are in Appendix II.

Th e general healt. )f the parental generation was quantified by
the weight at first mating.

I. Mutagenesis Studies

STo assess the mutagenic potential of TNG, we performed cytogenetic

analysis of tissue cultures from dogs and rats from the chronic toxicity
study and dominant lethal mutation study in rats.

13



1. Cytopenetic Studies

a. Preparation of Coll Cultures w

At the end of 1 your, blood samples were aseptically drawnt

from both control and treated dogs and rats. Blood was obtained from the
tail vein of the rats and from the dogs' jugula veins. The lymphocytes
were cultured by the method of Moorhead et al.9/ Bone marrow cells re-

placed peripheral blood lymphocytes as a source of mitotic chromosomes in
the 2-year study. The use of bone marrow cells rather than peripheral blood
lymphocytes hab several advantages. Chromosomes will be obtained not only
from lymphoidal cells but also from cells of myeloid, erythroid, and reticu-
loendotheloid origin. Another advantage of bone marrow cells is that the
culture time is reduced from 72 hr needed in lymphocyte cultures to 24 hr
and to mitogenic agent is required to obtain metaphase chromosomes. Femur
Sbone ma-,rrow was removed at necropsy and processed by the method of Eggen;10/

bone marrow cultures were maintained in nutrient mixture F-12 (HAM). Kidney
tissue samples were removed at necropsy, cultured by the trypsinization
method of Fernandes 11/ and maintained in Eagle's medium as modified by
Dulbecco and Vogt.JŽ/

•i b. Chromosome Analysis

Actively dividing kidney cultures, bone marrow cells, and
phytohemaglutin-stimulated lymphocytes were arrested in metaphase by short-
term colchicine treatment. The cells were removed from the culture flasks,
swollen in hypotonic solution, and processed for spreading on glass slides
by the method of Moorhead and Newell.L3-/ Slides were stained with Giamsa
and scanned under low power optics. The slides "nwing minimum scattering

of cells were selected for analysis under oil imL. -ion optics. Cell ploidy
was estimated by examination of 200 cells. Chromosomes were counted and
morphological aberrations were examined from photographic negatives of up
to 50 metaphase cells.

2. Dominant Lethal Mutation Studies

"Groups of male Charles River CDO rats were fed TNG in feed at the
same dosage levels as the main toxicity study (0, 0.01, 0.1 and 1.0% TNG in
feed) for 13 weeks, as specified below. Each male was then mated to two
virgin females of the same strain. At mid-term of pregnancy, the femalesr : were killed and the following data collected: number of fertile males per
number of males treated, number of pregnant females per number of mated fe- j.
males, number of corpora lutea per pregnant female, and the number of total
implants, dead implants, and live implants per pregnant female. Methodology
details are in Appendix II. Conclusive evidence for dominant lethality re-
quires postimplantation losses. Increased preimplantation losses may be
due to genetic damage.

14



I.! J. Metabolism Studies

1. Experimental Procedure

Rats were fasted overnight for about 16 hr and given a single oral
dose of approximately 1/10 of the LD50 of TNG. Males received a dose of 82
mg/kg and females a dose of 88 mg/kg. The compound, spiked with 25 gCi/kg of
TNG-(l,3- 1 4 C, specific activity of 53.25 mCi/mM), was suspended in peanut oil
and given via an intragastric tube in a volume of 10 ml/kg of body weight.
Immediately after dosing, each rat was placed in a Roth-Delmar metabolic cage
for the separate collection of urine, feces and CO2 in the expired air. The
chamber was vented continuously with C02-free air at a rate of 250 ml/min.
Expired CO2 was collected by bubbling the air through six absorption columns
connected in series. Each column contained 100 ml of 5% sodium hydroxide.
Rats were given feed and water ad libitum. At the end of 24 hr, the rats

were anesthetized with ether aud blood was collected from the abdominal aorta.
Various tissues were removed, weighed and processed for analysis of radio-
activity.

2. Sample Preparation and Analysis

Volumes of urine and urine rinse were measured. Feces and GI tractI (plus contents) were weighed and homogenized separately in 1.0 volumes of
80% methanol in a Waring blender. Whole blood (200-400 Pl), fecal and GI

homogenates (250-500 Il) and tissue samples (30-120 mg) were digested in
0.2 ml of 70% perchloric acid and 0.4 ml of hydrogen peroxide with heating
at 75 to 800C for e 4 hr. Ten ml of a toluene-PPO-dimethyl-POPOP cocktail
containing 10% Beckman Biosolv BBS-3 were added to the digests or urine
aliquot (100-200 Al). 14 C02 samples from the air traps were spotted on fil-
ter paper, dried and counted. Samples werp counted in duplicate in a Packard
Tricarb (Model 3375) liquid scintillation counter. The counts were corrected
for background and the counting efficiency was determined from a calibration
curve obtained from a 1 4C standard quench set (Amersham/Searle Corporation)
using the external standard method.

3. Thin-Layer Chromatography (TLC) for Identification of Metabolites

L Pre-coated silica gel plates (E. M. Laboratories, Inc., Elmsford,
NY) having 0.25 mm thickness were used. Samples of raw urine or urine ex-
tracts were spotted 'e 2.0 cm from the bottom of the plate and developed for
a minimum of 10 cm. Solvent systems used were: (a) benzene:ethylacetate
(4:1, v/v); (b) ethylacetate:n-heptane (9:1, v/v); (c) n-butanol:acetate acid:

L water (5:1:4, v/v/v); and (d) n-butanol:methanol:water (120:33:57, v/v/v).
A Pimple of pure TNG and reference standards available (dinitroglycerins,
mononitroglycerins, glycerin) were spotted on each plate for reference. Ni-Stroglycerins were using diphenylamine spray reagent bytrgyeiswr dettcted uig5% dpeyai sryegntfollowed b

UV-irradiation. Plates were air-dried and scraped into zones which were

added to scintillation cocktail and counted directly. Metabolites remaining

SJ15



at the origin after TLC development were scraped, eluted with water and
treated with P-glucuronidawe (Sigma Chemical Co.). The pH was adjusted
to 5.6 by the addition of 13.6 mg/ml of sodium acetate. p-glucuronidase U
was added at a concentration of 5.0 mg/mi and the solution incubated at
37 C for 18 hr. After incubation, the solutions were extracted with 5
volumes of CHC1 3 :MeOH (2:1). The resulting aqueous and organic phases U
were concentrated by evaporation and the metabolites were identified by
TLC.

J
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TABLE 1

gORGANS ROUTINELY TAKEN AT NECROPSY

Thyroid and parathyroids Caecum
Pituitary Colon
Adrenals Urinary bladder

Lungs Ureter /
Liver and gallbladder Diaphragmr-
Spleen Skeletal muscle
Heart Esophagus
Salivary glands Tonsils-/

L Pancreas Mesenteric lymph node

SThymus Tonguo /
Prescapular lymph node;-, Skin
Gonads Mammary gland
Uterus or prostate and Brain

accessory organs Spinal cord!/
Stomach Sciatic nervea-/
Duodenum Eyes
Jejunum Trachea

Ileum Rib and bone marrow

a/ Not normally removed from rodents.

It!F11
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0F (10 males and 20 females from main study)
SI Jii

""

1l a l 2b (10 or 12 pairs)

FI F/ I
F2a F2b (10 or 12 pairs)

:••{F 3 a F3 b .

N~i
}; Figure~ 1 - Design of Three-Generation Reproduction Study
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K III. DOG STUDIES

U, The results and interpretation of the studies in dogs are described
below.

J
A. Observations

The most significant observation in these dogs is that there were
no toxic signs. The only incidents were those due to dogs scuffling in the
runs. The most frequent victim was control male No. 80-1. As necessary,
he was isolated while his wounds were treated with dressings and antibiotics.
One morning on week 27 he was again found bleeding. The wounds appeared less
bad than they had been on previous occasions. When we checked his dresings
90 min after they were applied, he was dead. Gross necropsy showed punc-
ture wounds in the intestine, lungs and especially in the hind leg muscles.
We ascribe his death to hemorrhagic shock from internal and external bleed-
ing. An extra untreated male, purchased in the same group as the test dogs,

was put on lactose capsules and used henceforth as a substitute No. 80-1.

B. Body Weight and Feed ConsuMption

The average body weights of dogs given various doses are shown in
Figure 2. There are month-to-month variations, but no apparent doese effeacts.
In males, the low-dose dogs were generally the heaviest, and the control dogsI the lightest. In the females, body-weight averages were so close that the
low- and middle-dose dogs have been omitted from the graph for clarity.

Average daily feed consumption is shown in Figure 3. Variation~
fi from month to month is extremely high, but there are no toxicologically in,-

portant differences between the groups.

C. Laboratory Data

Baseline values of hematology and clinical chemistry for male and
[1 female dogs are shown in Tables 2 and 3, respectively. The subsequent tables

shwthe values for these dogs after being treated with various doses of TNG
fr3months (Tables 4 and 5), 6 months (Tables 6 and 7), 9 months (Tables 8

and9) 12 months (Tables 10 and 11) and 12 months followed by 1. month of re-
covey (able 12and13).

Before the start of the study, there were a few scattered differences
between the dosage groups, but these are small and within normal limits (see
Appendix I). After dosing for various periods, similar inconsistent differ-AII ences were found.1 21



The only consistent, toxicologically important finding was small
amounts of methemoglobin in some dogs treated for 6 months or longer. In
almost all cases, the amount found was very small (less than 3%). Because
the assay method involves a difference in absorption values (before and after
conversion of methemoglobin to cyanmethemoglobin; see Appendix I), a small
apparent value could be an artifact. Therefore, we must draw inferences from

the incidence, shown in Table 14. After 6 months, there was a scattered in- H
cidence in all groups; this is not significant. But after 9 months, there

was methemoglobin in half or more of the low-dose males (given 1 mg/kg/day)
and middle-dose (5 mg/kg/day) males and females, and ell but one of the high- U
dose (25 mg/ka/day) dogs. The trend is significant in both sexes, although

only the data in males are statistically significant. After 12 months, the
dose response in incidence was not apparent. However, the high-dose maleL
(5.3%) and one of the high-dose females (3.7%) had the highest values of
methemoglobin seen in the entire study.

Since the only effect observed in these dogs was this methemoglobine-
dma, the recovery study was abbreviated to include only the erythrocyte param-

eters (Tables 21 and 13). Only one high-dose male had a methemoglobin level u
of 2.9%. It was probably an artifact.

D. Pathology

The absolute and relative organ weights from dogs given TNG for II
12 months are shown in Table 15. Statistically significant, but toxicologi-
cally not important, differences were ,,een in the pituitary weights of middle-
dose males and the heart weights (relative to brain) of high-dose males.

Gross pathology, such as lung nodules, correlated well with the
histopathologic lesions (Table 16). None of the lesions, whether common
(mild hepatocytic vesiculation) or rare (severe lymphocytic thyroiditis in

No. 83-37 or the mild endometritis in No. 82-26) correlated with TNG treat-
ment. LI

Since treatment of TNG for 12 months did not cause any lesions,
the recovery study was truncated to hematology only with the approval of
the technical monitor.

E. Cytogenetics

The cytogenetics slides were prepared after the 12-month necropsy,

but, by agreement with the technical monitor, reading was deferred. Because
the life-time (24 month) rat data (see below) showed no mutagenetic damage,
despite considerable somatic lesions, while the shorter dog exposure was
linked to negligible somatic lesions, the dog slides were not rea4.

22



Li F. Discussion

TNG is known to produce methemoglobin,Ž/ but it is a transientUphenomenon, tending to disappear within hours..!/ Since blood samples were
taken 20 or more hours after dosing, it was somewhat surprising to find

! • any methemoglobin at all. Apparently, the amount found in this study was
Swell within the body's ability to cope. None of the sequelae (Heinz bodies,

reticulocytosis, anemi•l•5•) were evident.

G. Conclusions

L The only effect which can be ascribed to TNG was occasional methe-

moglobinemia. at all doses. The incidence and amount were dose related, only
Safter administration of TNG for 9 months. The incidence exteded to the

low-dose males.
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UWOATOW O MA U 01 G HALL £ ZAMM UWT OFTP
(C*N) CONTROL ET.N) TREATED N u NUMBER Of DOS

DOSE1 MG/MO/DAY 0 IC* 6) 1 (T. 6) 5 IT. 6) P5 (IT, )
6 3

ERYINROCYTES (AlO INN ) S.75 I .15 596 1 T17 5.97 ± .20 5.01 .10,

HEINZ BODIES. s 0.00 • 0.00 0.00 1 0.00 0.00 _* 0.00 0.00 2 0.00

RETICULOCYTES. .47 .09 .43 - .07 .54 L .09 .66 j .13

MEMATOCRIT9 VOL. S 42.3 1 1,5 Als8 :L 1.0 40.5 ± .6 42.0 s 1.0

HEMOGLOBIN, G0. 6 14.0 L .• 14.0 1 .3 13.0 ± .2 14.1 . .3

METHEMOGLORIN9 6 0.0 :L 0.0 0.1 1 0.v 0.0 ± 0.0 0.0 • 0.0

MCV, CUBIC MICRONS 73.7 3 1.3 70.2 • 1.3 16.0 1.3/ 71.0 ± .T

"MCH0 MICRO MICROGMS. 24.4 • .4 23.5 t .6 23.1 L .4 23.* 9 .2

MCO am 33.? j .3 33.5 ; .4 34.0 ± ,? 33.5 • .2

PLATELETS (XO I MM 3.3 . .3 3.4 s .2 3. 1 .3 3.6 ± .2. 3 3l-

LEUKOCYTES (X1O .MM ) 13.5 2. 1.0 13.7 1 .7 13.3 1 1.3 13.5 . .5

NEUTROPHILS. % T7.0 1 1.3 60.5 L 4.8 67.5 1 2.0 61.7 L 3.4

LYMPHOCYTES, % 26.0 3 1.4 35.8 t 4.1 30.8 1. 2.0 32.8 ± 3.8

BANDS. 6 .2 • .2 0.0 ± 0.0 0.0 1 0.0 0.0 0 0.0

EOSINOPHILS9 % 1.5 . 2.5 Is 1. 1.0 1 .4 4.2 • 1.4

BASOPMILS, S 0.0 • 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 P 0.0

MONOCYTES. S 1.3 : .7 1.2 :t .% .7 ± .2 1.3 1 .7

ATYPICAL. % 0.0 & 0.0 0.0 z 0.0 0.0 1 0.0 0.0 ± 0.0

NUCLEATED R8C~o % 0.0 . 0.0 0.0 :L 0.0 0.0 s 0.0 0.0 ± 0.0 [i
CLOTTING TirE. MIN. 7.8 � .4 6.01 .3 6.7 1 .4 S.8 .31/

GLUCOSE (FASTING)* MG S 9S.? l. 4.3 86.0 ± 5.0 96.0 ± 4.4 100.3 ± 3.0

SOOT. IU/L 19.7 • 1.5 21.2 L 1.7 22.? .3 27.0 • 1.4-'U

SGPT. IU/L 33.3 ± 3.n 37.5 t 4.1 35.3 ± 2.9 33.8 ; 3.6

ALK. PHOS.. IU/L 73 1. 9 75 1. a 78 6 69 1 Li
BUN* MG I 13.0 . 1.9 13.7 t .0 12.7 ± .8 12.7 .6

IMMUNOGLUBULIN Et IU/NL 1620 T 75 (S) 1208 So!!

I/ sigiicant•mly different from control dome Mounett's wa~tiple comarisron procedure).
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TABLZ 3

SM'oEMAo TrOsCuRIT,, ±, z•o

KokN) CONTROL (T,*W TRFATED N NUMBER OF D06S

DOSE. G/G/OA 0 1C. 6). T 1 67.5 (T. 61 25 (To 61
6 3

ARYTHROCYTES (X1 O /MM ) 5.6 2.13 .3.9 1, .1 #.? 1 .3171/ .012 .12
!iHEINZ BODIES$ 0.00 0.00 0.00 z 0.00 0.00 1 0.00 O0.4O 0.00

RETIUIOCYTES (I MM1. .3 .09 1.46 %. .0 14.0 .5 2. .60 01

EMATOCROTt VOL. 1 426. ± 1.0 41.2 .06 41.3 2 1.0 410. .7

HEMOGLOBIN*O4. 8 14.2 o 1. 13.9 1 .3 14.b 64 13.9 ± .2

LETHEAOSLOBINs S 0.0 1 0.0 0.0 6 0.0 0.0 L 0.0 0.0 , 0.0

MNCV CUBIC 'VTCRONS 73,6 lee 1. 0 2 1.s 67.5 1 .721 70.4 1. 2 .

NCNBA MICO CRO0S.. 26.0 *.3 23.% 0. 5 23.3 0.31 230.4 .30 /
MCHBC% GM 0 33.6 *3 33.6 #4* 34.5 1 .3 33.3 1 2

PLATELETS (XIO 6.9 2 .3 6.4 2. 3 .9 63 3. 2 .3 4.1 .2i3 3
GLEUKOCYTES (XA O /MM) 12.S 6 .0 1326 2 o.3 101.0 t 2. 92. 1.1

ONEUTROPHILS* 4 6?? L 2.2 64.2 ?2.0 613 0 2.1 S2.7 2 3.0

NANOSO 0.0 _* 000 0.00 0.0 0.0 t 0.0 0.0 0.00

I'

U OSINOPHILSo M 2.5 L 1.2 148 .6 13.7 2. .9 1.2 1.1
LiBASOPHILS9 % 0.0 0.O0f 0.0 0.0 0.0 _' 0.0 0.00 0.0

MONOCYTES9 s 0Y .2 1.0 .4 .5 :t .? 1.2 0. .

NUCLEATED WeC 0.•0 1 0.0 0.0 0.0 0.0 i 0.0 0.0 0.0

•CLOTTING T14E* MIN. 6*9 1 03 6.4 * 4 6.3 1 04 6.1 0 1

GLUCOSE (FASTING). MG 0 9607 1 P.6 9S.0 2 .3 101.0 t 2.1 98.8 11.1

SOOT% JU/L 42.3 22.0 23.4 2.3 20,s 1 .9 23.?T 3.00

3GFTv )U/L 41,7 10.6 SG.? 1 26.2 37.8 ;L 4o4 34.6 3.6 +

ALKo PNOSso IU,"L 61 2 69 1. a 66 1 6 62 1

S UN* No S 14,S o 1.2 14.3 i .8 13.T x .9 11.8 101.

1I44UNOGLORULIN [, IU/ML 1456 _* 86 1342 53

MMLIES AM HIM + STAJUIMZ OMa.

.1 Silpi*fcantly diflftent from control dole (Dumnset's multiple compkrison procedue.
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(C.N) CONIPOL IT.N) TREATED N *NUMNEP OF flO0q

DOSE! Mf/KGkAv 0 let 6) 1 (Ti 6) S (To 6) 2% IT% 6)

HEINZ BhODSo S 0.00 L 0.00 0.00 o 0.00 0.00 1 0.00 0.00 ± 0.00

RETICULOCYTES- S T0 t .0% .76 ± .13 .S8 I .0? .69 I .12

HNEMATOCRIT VOL. S 42.? 6 .4 41.2 1 1.? 41.0 I o.n 41.3 1.2

HEM(GLORIN. OW. • 14.3 1 .4 I14. • .4 14.1 .3 14.4 ± .4

MEYNENOGLORINs * 0.0 t 0.0 0.0 • 0.0 0.0 ± O.0 0.0 ± 0.0

NCV4 CliJIC MICRONS ?1.9 1.3 70.1 o 1.? 70.0 • 1.1 70.TS .*6

mCMV. MICHO M|CROGCMS. 24.,4 * 2P4.1 .3 24.2 .4 24.1 .?

MCNIjC. am % 34.0 q. . 3*.% ~ 1 '44.% .1 34.1%0 4

5 3
PLATELETS IXII /MN ) 2.0 o. 2.9 .3 . 2.s .1 2.V ± .3

3 3
LEUKOCYTES MXO IMM' ) 2.0 a 1.0 1?.3 ± .4 11.0 ± . 11.0 i. .

NEUTPOPHILS. S 6S1S -- 3.4 %7.7 2.1 61.2 20 29 A.?7 ± 2.9

LYMPHOCYTES. S 20.8 1 3.4 3hom 1. ?.4 31.8 ±2.1 3S.3 ±3.6'

BANDS. S 0.0 1 , 0.0 0.0 • 0.0 0.0 0.0 0.0 0.0

EOSINOPHILSo W 4.6 * 1.1 S.? a 1.? 6.7 2 1.1 5.7 i 1.4

RASOPHILS4 % 0.0 o 0.0 0.0 t 0.0 0.0 1 0.0 0.0 0.0

ATYPICAL* 1k C.0 0.0 0.0 1. 0.0 , 0.0 0 0.0 0.0

NUCLEATEL RRC. 1 0.0 0.0 0.0 . 0.0 0.0 • 0.0 0.0 1 0.0

CLOTTING TIME. MIN. 8.S ,p .3 14 .4 8.8 ± .4 0.0 1 .5

GLUCOSE (FASTING). 4G 'K 90.0 ?.A 66.0 ?.a 91.% ± 2.7 90.3 ± 2.9

S001, IU/L 32.% 1.0 33.? P 2*9 31.3 1 1.6 47.3 I )Z.q

SGPT. 1II1L 35s. 2.9 4S.9 10.O 38.S 2P.q 40.3 ± 7.2

ALK. PHOS.. IU/L 49 :t 6 * T 5 57 7 o 5±

RUN% MO S 13.0 t. 12.5 F k0 13.0 _ .b 13.2 a .9

IMNUNOGLOPULIN E. IU/NL 2021 1,103 215O I 123

R ISS All N + STAUiDAM IN=.

s/ SlpIft(.antlY Wffer*at fro cont:ol do$* (uannett's •m•tilpla cmparison prot.dure).
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I LI

MMMI MU Oiuwn =5 MU WMKZIUnOU OF TO- IN 3 NWIMS

IC•N) CONYPOI (T.N) 7PfATFO N NuMcE Or "05

DOSCI MAI~KSIAY 0 1 C. 6) 1 IT. - ) 1IT. * ) ( To 6;6 3
ERTRCTS(110 /Mm 1 6.13 .14 5:86 z :1 A::: :? PeiIf

-HEINZ BODIES* 4 0.00 0.00 0.00 1 0.00 0.00 t 0.00 0.00 1 0.00

RETICULOCYTES. a .5 .10 ,.11 ,05 .6 1 .16 .13

MqEMATOCR1Ts VOL. 443.0 S . 41.6 1* .7 44.2 1 1.1 43.8 2. 1.0

HEMOSLOSINM ON. 8 14.. • .2 14.3 r. .3 15.2 & .* 11.0 . .3

METHEMOGLOIN% I 0.0 . 0.0 0.0 1. 0.0 0.0 • 0.0 0.0 t 0.0

MCVq CUBIC MICRONS 10.3 2.1.4 71.41± 1.? 71.1 I .q 70.9 1.2

MCMa. MICRO MICROGMIS. ?4.3 * .4 24.4 2. .4 P4.4 .4 24.3 ..

MCHWIC% GM 434.6 2. .4 34.P ~ .4 34.4 .7 34.2 .24

PLATELETS (XIO DMN 2.8 ..7 2.6 2 .4 3.0 L .1 2.7 ± .13 3

LEUKOCYTES (I10 011 ) 11.1 * .0 11.9 0 1.7 12.2 ± *A 12.2 1.0

NEUTROPRILSe S b5.3 _# 2.0 640 2 2.• 50.P 3.' SR.? • 3.1

LVMPHOCYIES% % 37.70 2.S 310 2 2.6 39.3 ±3.P 3P.0 ±. .9

BANDbS. 80.0 0.0 0.0 2.0.0 0.0 2.0.0 0.0 20.0

EOSINOPRI1LS% Ih 5.e 2.9 3.F 2 .7 4.1 2. . 3.1 2 1.11

BASOPHILS, S 0.0 2 0.0 0.0 . 0.0 0.0 2 0.0 0.0 * 0.0

SMONOCYTES. S 1.2 2.5. .3 2 .?.3 .3 .3 t .3

ATYPICAL% 8 0.0 . 0.0 0.0 2 0.0 0.0 I 0.0 0.0 2. 0.0

I NUCLEATED RRC. 4 0.0 . 0.0 0.0 2 0.0 0.0 2 0.0 0.0 ± 0.0

CLOTTING TIME% MIN. 7.4 2 .4 7.S . .3 7.3 . .3 7.2 ± .4
GLUCOSE (FAST14Ge) M6 92.0 1.fl 96.3 2L 3.0 97.0 t 3.0 94.0 o 3.•k,

SOOT.* ,IL 33.0 1.1 35.3 . 3.8 30. 20 33.0 o 1.0

SOPT. IU/L 33.5 P 2.4 43.2 9.7? 39.0 ± 2.0 3S.5 ± 1.1

ALK. PRO)S.* lII/L 41 2. 2 5? ± 7 48 2. 8;1 6

BUN* MG 6 12.2 2 .3 12.? 1. .3 14.3 1 .9 13.3 1. .0

IMMUNOGLUBULIN E. IU1ML 2083 2. 139 2333 1 06

* .
1Significantly diffovmt from control dogs (Durnnett's multiple comprlso p~rocodur).
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TABLE 6

.ORATORY DATA OF HAL R2Gs AFZP AMNInSTRATION Or moG FOR 6 MONTH

(CON) CONTROL (T.N) TREATED N u NUMBER nF DOGS

noSE: MG/KG/OAY 0 (Ce 6) 1 (T. 61 . (T. 6) a5 (TO 6)

FRYTHInCYTES (X1O /M ) be.n? .?1 6.11 • .15 S.86 0 *?6 N.O 1 .k0

HEINZ BODIES% • 0.00 . 0.00 0.00 . 0.00 0.00 * 0.00 0.110 0.00

RETICULOCYTES. 1 b77 & .16 .6 q .06 .An .04 .°1 .*0 O

HEMATOCRIT. VOL. 44.7 ± 1.1 44.0 t 1.n 42.7 I 1.3 43.5 * 1.6
1.

HEMOGLORIN. 614. V 14.k ~ .3 14.A .4 14.4 .4 )4.7 1 .5

M E T H E M O S L O B I N t • 1 .1 . . 2 .8 I . 3 .9 • . 3 1 . 5 ± .2

MCV. CURIC MICRONS 73.8 ± 1.? ?I.R Q .9 73.0 • 1.2 74.9 1 1.k

MCHAS M1C)CO MICROD0NS. 24.S t .3 24.1 ± .3 ?4.6 ± .4 25.4 ± .6

N "HHC. GM S 43.2 #- .2 33.6 . .2 33.7 .1 33.q - .3
4 

5 3 

i
PLATELETS (X1O /MM 3.1 . .1 3.? ± .? 3.2 • .7 3.' . .2

LEUKOCYTES (Xl /MNMM 13.0 .4 13.4 ± 1.4 13.1 ! 1.0 13.4 ± 1.3

NEUTROPRILS9 1 67.7 , ?.Q 62.7 . 2.? 67.3 ! 3.9; 6P.R 3.S

LYMPHOCYTES* 1 29.S 0 3.1 ?2.? 2 2.0 ?8.0 I 2.. 31.A ± 2.4

BANDS. s0.0 0.0 0.0 ± .0 0.0) 0.0 0.0 ±0.0

EOSINOPHILSi t 2.a r% . 6.0 * 7./ 7v.2 * 1.6 4.7 _ 1.1

RASOPWILS. I 0.0 ± 0.0 0.0 0. 0.0 0.0 P.0 0.0

4ONOCYTES% % 0.0 z 0.0 A8 ;L .4 .5 ± .5 .7 ± .

ATYPICAL. - 0.0 . 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 1 0.0

NUCLEATED RBCo % 0.0 . 0.0 0,0 ± 0.0 0.0 ± 0,0 0.0 ± 0.0

CLOTTING TIME. MIN. 9.2 e. A. ?.p ± .4 8.8 ± .% 8.6 ± .2

L GLUCOSE (FASTING), M)G 8 0.2 ? 2.n 83.7 ± 1.7 P5.2 ± 1.2 83.% 1.9

S G O T. IU /L 28 .7 • 1 .7 P5 .0 2 .8• ? 3 .? I 1.1 2 9 .3 I 1."

SGPT. IU/L 40.2 3 3.4 3b.0 ! P.9 3S.0 ± 3.7 34.3 1 2.5

ALK. PHOS., IU/L 33 ! 4 33 & 4 4S A R 34 5

4UN. MG 9 15.3 ) 1.6 15.0 A .8 15.2 ± .6 13.? ± .9

IMMUNOGLORULIN E, Iu/ML 433 . 54 492 ± 100

ENTRIES ARE MNEj + STANDARD ERROR.

!E/ SigLnficantly different from control dogs (Dunnett's multiple comparison procedure).
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TANA 7

L LAI~W--_ORYTR DATA OF SW..1 OG AFIU ANKUZtf1 %OP OF TOG MR06 MNOMS
KIN) CONTROL (T9N1 TPF&TIO N a Humor* OF DOGS

DOSE: MG.#G/DAY 0 tC. 6) 1 (To 6) 5 (To 6) 25 (To 6)

ERYTHROCYTES 4XIo", 04M 5.96 & 621 S.94 &. .1 5.70 1 .14 s.76 L .16I LHEINZ 600125.4 0.00 3.0.00 .0s .04 0.00 ;L 0.00 0.00 L. 0.00
RETICUI.OCYTES, .64 oil1 .49 .1. .me 1 .03 l.ll 't gal

MEMATOCRIT. VOL* S 43.2 .1.1 43.3 q, * 4?.0 3. 1.12 44.6 &1.4

HEMOBLO6Ilft ON* 14.6 ff. 14.8 os. 14.2% 1 .4 14.3 .5

METNEMOGLOSIN. S .3 o. .3 0.0 1, 0.0 .2. 6.23 .2IMCV. CURIC MICRONS 73.0 2.3 73.2 _* l.A 73.7 L. 2.0 77.8 &, Z.5

MCH89 MICRO 41CROONS. 24.9 * 3 ?S.0 1 .3 P4.9 o .4 P4,8 1 *

MCHSCo ON 0 34.3 :L 1.1 34.2 2, .6 33.4) 1, . 32.0 o. .6

PL#Itrf1 MM I3.4 P. . 3.3 3. .3 3.0 ± .3 3.3 ±. .3

LEKCTS(XI/0103 M 12.2 q . 12.0 ± .0 13.0 1 .4 13.0 .7

NEUTROPNI.S. 58.6 3 3.3 55.!3. 1.1 63.6 3.3 66.8 o 3.S

LYMPHOCYTES* 1 38.8 2.6 41.2 2.s 30.6 3.3.6 P6.3 _# 4.0I

RANDS* 0.0 3.0.0 0.0 3.0.0 0.0 ±0.0 0.0 3. 0.0
EOSINOPHILS% S 2.3 L .9 3.2? 1.6 4.P 3. 1. 4.7 3. .9

SASOPHILS. 0 0.0 &. 0.0 0.0 3. 0.0 0.0 o3. .0 0.0 ±0.0

NOMOCYTES. % 0.0 _0 0.0 .3 .2 .5 o. . .2 t. .

L.ATYPICAL9 S 0.0 L 0.0 0.0 ;L 0.0 0.0 1 0.0 0.0 1. 0.0

NU1CLEATED RSC9 0.0 L. 0.0 0.0 o 0.0 0.0 3. 0.0 0.0 3. 0.0

CLOTTING TIME* MIN. 7.8 3. .4 7 a 3 .3 6.3 3. .4 6.2 1 .3

SLUCOSE (FASTING). MG6 S 90.5S3 1.6 95.8 3. 2.1 96.04 3 2. 3a, 96.0 ;L 1.2

SOOT. IU/L 32.2 6.4 P6.5 ±. 2.3 P7.S 1. 3.4 24.6 1. 2.2

SOPT. lUlL 40.6 T. .4 4a.2 1 13.8 38.5 3.2 36.0 3. 5.1)

ALE~. PHOS.. IU.'L 25S 3 34 3. S 41 ± 41/ 37 3. 5

SUN* M6 14.0 0 9 16.3 _o 1.0 12.7 3. .6 14.0 S. .

INMUNOOLOSULIN to IU1NI 517I3 92 4 92k 4S

DITUý AR )11 + STtiiDA3IW =OK0.

La/ Significantly diffe~rent irm control dogs (Dumetts 'a ult1ple, towiarison procedure).
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TABLE 8

1AIOSTOIT DAZ O WLSZ DOWS AFTZI AM Z K" F TO O0O 9 UnS1s

(CON) CONTROL (TiN) TREATED N * NUMBER OF Does

DOSE: O/KG/ODAY 0 (C. 6) 1 (T. 6) 5 IT A) 25 6 j09)
6 3

ERYTHROCYTES (X1O /MM 1 6.36 , .26 6.56 L .12 6.S6 .15 6.35 ± .11

HEINZ BODIES9 S 0.00 1. 0.00 0.00 L 0.00 0.00 • 0.00 0.00 ± 0.00
RETICULOCYTES9 S .51 *I .157 so .08 .0 ,9 .55 1 .10

HEhATOCRIT. VOL. 0 45.0 • 1.4 45.3 £ 1.0 44'A ± 4 44.8 1 .9

"HEMOGLOSIN. GMo 1 15.4 * 5 15.4 o .3 1S.5 L .1 15.5 o .3 .

z METHEMOOLOBIN. 5 0.0 0.0 .0 *P o* .9 ..3 1.1 *21/

MCV, CUBIC NZCRONS T0.9 L 1.0 69.1 L .A 68.5 L 1.3 70.6 -#

"C10l MICRO MICROGMS. 24.3 3 2304 L .7 23.7 t 21.3 .2

SKOCBCq SM 34.2 1 *4 33.9 .3 3.6 1.3 34.5 0
SPLATELETS 1X10 /40. 2. t . 2.6 1 3 2.S . 2.6 ,2

65.5 2. 2. 37
3 3LKUKOCYTES (IO1 /0401 13.3 o . 11.0 1 .4. 10.4 1 1.3 10.1 io5

i•NEUTA'OPH|LS9 S 72.0 1.9i 66.00 2*9 65.S :L 5-76.2 L 3.71/

LYMPHOCYTES. 9 22.7 • 2.1 26.3 . 2.6 27.S 1 2.1 33.7 T 2.3V'

BANDS* 0 0.0 o 0.0 0.0 L 0.0 0.0 1 0.0 0.0 ± 0.0

EOSINOPHILS, S 2.3 _ .6 6.3 L 1.1 5.5 ± 1.3 9.2 ± 2.41/ u--

BASOP0ILS* S 0.0 t 0.0 0.0 ± 0.0 0.0 i 000 0.0 ± 0.0

WONOCYTES* S 2.7 , .7 1.3 1*4 0I.5 . .6 1.0 o .3 ,

ATYP|CAL* S ,3 0 3 0.00 0.0 0.0 0.0 0.0 1 0.0[

NUCLEATED R* 0.0 0.0 0.03 c 0. 0 0.0 . 0.0 0.0
CL O TT IN G T ,MN M I 4 .3 , . 0 .. s e 10 ,, , .I 's 0 " L *If

GLUCOSE 1FABTING)4 NO S 70[5 lo0 7600 20S 79. 4.3 72.3 i 1.6

SSGOTo IU/L 36.00 3.1 31.3 2.9 37.5 i 2. 29. 1qO 2.0

SSGPT9 IU/L 311.S t 3,4 41.0 4.3 6.80 & S.4 39.0 1 3.5

3i ALK. PMOS.o IU/L 1 t 3 32 i 4 45 t 0 34 1 6

XUNo M0 130 , lot 11.0 L |1.± .6 12.2 .3

IMMUNOGLOBULIN t. IUIML 633 # Ilt 942 1 66

MIlS ARE MWA+ TA•MIOD 3l1M.

p/ Signifiantly differemt frcom cntrol dogs (Dumett' multiple comparison procedure) [.
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TABLE 9 ý

l •LASOR OTA OF nIDALS DOGS Afnn ANMMUSTA•A"T. IP 1N FOR 9 MO

(C.N) CONTROL (T.N) TRrATED N a NUMBER OF DOGS

U OSEt MG/OG/DAY 0 Ic. 6) 1 (To 6) • (T- 6) 25 (?. 0)

0 3
ERYTHNOCYYES (XIO/0M ) 6.29 :L 014 5.-9 t .22 6.69 1. 22 6.16 £.1c .1

HEINZ BODIES* s 0.0 z 0.0 0.0 i 000 0.0 t 0.0 0.0 0.0

RETICULOCYTES. I A•3 t .19 .72 I S1S .49 . 00 .66 • 09

V EMATOCPITo VOL. 149.0 .1 a42.7 1.1.1 46.0 1 1.4 43.5 ±1.9

HEMOGLOGIN. GM. 15.3 .3 14.5 .6 16.2 .6 15.5 Is 5

MiTHNEHOGLOBIN. t' .5 .t 0.0 . 0.0 .9 1 . 1.6 . .2

NCV. Cu~Ir'M1CRONS 72.6 t.1. 71.4 A ha. 69 ± ~70.4 1.4

MCI4I. MICRO NTCROGMS. 24.4 e. .4 24.2 .2 24.3 ± .? 25.1 ± .5

MNCHBC.O O 34.1 .3 34.0 35.3, .4 .547 1.2

5 3

PLATELETS IX)0 /MM 1 2.5 4? 2•. 1 .3 2.6 ..2 •03 ± .2
3 3.

LEUKOYTES xI0.ro/mm 1 10.6 L .9 10.P & .7 10.3 ± 1.1 11.3 • .9

(SLYMHOCYTESLS. 2 . 3. 0 34.3 2 2.4 33.7 2. *5.7 7

BANDS# S 0.0 1 0.0 0.0 z 0.0 0.0 1. 0.0 .2 1 Z.
t0SIMOP"LbS, 4.3 1.3 6.3 1 .% 4.2 k 0 S.7 Z .,4

BASOPNILS9 % 0.0 :t 0.0 0.C L 0.0 0.0 1 0.0 0.0 1 0.0

F M ONOCYTES. s 10e % .s 1.? .8 . 1.2 t .5 1.3 S .5

A ATYPICAL* 1 .I . .S 0.0 0.0 0.0 .. 0.0 0.0 ± 0.0

NUCLEATED RBC. 5 0.0 t 0.0 0.0 't 0.0 .2 1 .2 0.0 ± 0.0

CLOTTING TIME. NIN. 10.7 2 .3 9.5 1 *8 10.5 ± .5 9.7 ± .4

GLUCOSE (FASTING). 0G S P5. 5 ?s04 t7. 2.6 80.S 1 3.6 74.A 2.511

S /6079 IU/L 34.5 2.6 79.S 1 4.0 37.0 4.7 31.S 114

(9 SOPT. IU/L 38.0 ± 1.7 40.3 20.08 33.8 ± 3.6 35.0 Z 3.2IUL

ALK. PHOS* IU/L 31 L 3 37 8 36 • 3± S

S[1!BUN* MG 1A 12.0 1 .6 1005 1- ,h 13.3 1,7 11.8 .7

INMUNOGLOBULIN to IU/NL T7S 1, 275 567 1 117

0119 Ats m W +EN SUAIDAD 3a=0.

S1ig nifihantly dtff'rmt from eontrol dogs (Dulmtt'" mudtipl" c4Orlsou pr'c' P r*).3I1
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TABLE 10
W&ADOIOY o O NISTRATIO) OF TOG FOR 12 )O1'FS

ICAN) CONTROL (T7N) TREATED N e NUMBER OF DOGS

005ES NM@KOGDAY 0 (Co 6) 1 (T. 6) . (C. 6) 25 (To 6ý
& 3

ERYTHROCYTES 1XKO INM I 7.29 _ .21 7.13 t .31 6.65 t .14 6.53 ± .19

"HEINZ BODIES, .:01 L .01 0:00 1 0.00 0.00 t 000 0.00 t 0@00

RtT.CULOCYTESe S .42 ad .64 t 07 .6S *.09 .63 1 .11

""EMATOCRIT, VOL. S 47.2 j .9 46.7 1 1.3 46.7 0 .? 46.7 1.S

HEMOGLOBIN, GA. S 16.3 * .3 16.2 1 .4 16.4 & .2 16.4 ± .6

METHENOGLOBIN. S 0.0 ; O.O .2 .2 .5 1 .5 .9 ± .9

NeV, cubic kICRONS 64.9 L 2.2 65.7 1.4 70,3 1 1.4 71,5 *61/

NCNB# MICRO HICROGNS. 22.5 4 .6 22.6 1 .7 24.7 1 *1 25.1 & .4/

"C~fct N 4346 1 1 3.? . 331 t .135.2 .3
S 3""

PLATELETS 4X1O INN ) 2.3 ± .1 2.7 ± .4 2.5 ± .2 2.8 ± .2
3 3

LEUKOCYTES (XO /NM I 11.1 • .4 11.5 12.4 1.4 12.2 ± 1.0
NEUTROPMILS, S 70.6 z 1.3 67.0 1 1.* 68.3 • 2.0 S9.7 3.01/

oi LYMPHOCYTES. S 23.7 L 1.3 26.2 t 2.9 25.3 . 2.4 32.2 ± 3.'

SAOS9.1 0.0±1 0.0 0.0 . 0.0 0.0 1. 0.0 0.0o 0.0

COSINOPtILS, o 5.S L 1.1 6.8 t 1.4 6.3 1 1.4 6. A .'9

OASOPH1LS9 5 0.0 t 0.0 0.0 t 0.0 0.0 1 0.0 0.0 ± 0.0

AONOCYTES* V 0.0 z 0.0 0.0 L 00A 00*0.0 0.0v 0.0 o

ATYPICAL9 0.0 1 0.0 0.0 t 000 0.0 • 0.0 0.00. 0.0
NUCLEATED RSC, 1 0.0 ± 0.0 0.0 x 0.0 0.0 . 0.0 0.0 ± 0.0

CLOTTING TIME. NIN. 10.2 1 .4 10.8 t .4 %.6 & .6 9.9 ± .6

GLUCOSE (FASTING), NO 04.5 t 2.3 79.8 ± 3.0 69.6 t 2.9 87.7 & 2.0
SOOT, IU/L 25.3 1.3 33*3 & 3.6 31.1 1 1.9 31.5 z 1.4

S9PT, IU/L 36.*6* 3.5 41,S t 2.3 42.0 t 3.3 41.0 ± 3.5

P j LK. PHOS., IU/L 27 t 3 31 ± 7 3s t 7 2tz 5"
SUN. No 1 13-0 ± 1.3 13.8 .5 13.6*. .6 14.7 L 1.1

IWNUWOGLOlULIN Ev IU/ML 400 - 206 S53 ± 53

=IUS AU W .AN ± SUAII•A~u MM.O

a/ Sgluftctly dt 1 fferent from eftrol dogs (Dumnct's ultlVtple cowperlscn pvooedute).
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TABLE 11

1jj ~~ 0AA07FIJ OF OS R-TE ADMINISTRATION 07 TUG IM3 12 WNOUTS

(CoN) CONTROL (ToN) TREATED N NIMSNER OF DoesS

L-i DOSE: 0O#'KO/OAY 0 (Co 6) 1 (T. 6) S (To 6). 25s 4T
6 3

ERYTHROCYTES (XI0 /NM 7480L .3 6.90. L j 6-SS & .23 6.24± 1

NE~~~II0.0 t00 0.00"t 0.00 .0.00 z 0.00 0.00 :L 0.00

RETICULOCYTESo 9 .50 t .06 .48 1 412 .74 1 Oil .59 t 6141

NENATOCRIT# VOL. S 46.5 L 1.3 46.7£' 1.5 46.3±Z 1.5 45.3 t 1.3

"NENOSLOSINt ON. S 16.1 .6 16.3£t .6 16.3 1 5 15.6 £ .L

I. ETNENOGLOSIN. 0.0 L 0 .0 *2 .*2 .4 1 .2 .0~± .

NCVq, CUBIC MICRONS 66.1 L 1.6 61.7 ~.1.5 70.8 ± 4727

NCI9v MI1CRO NICROONS. 22.9 1 .6 k3.6t S 24.9 1 41 25.4 ± .SW9.

M4ChOU t ON t. 34.7 ± 1 34.9 ± .3 35.2 f, .3 34.9 :L .3
5 3

PLATELETS (IXO /"M 2.4 1 .3 2.6 ± .3 2.5 .2 3.1 1 .3

LEUKOCYTES (X10 MM 10.4 t .7 12.1 ± .8 11.8 ± .7 11.8 ± .4

NEUTROPHILS, S. 67.0 z 4.2 66.5 't 3.7 64.? a 2.0 51.68 9.7

LYMPHOCYTES. 3S 26.2 &2.3 25.& 1 .? 32.3 1 2.6 39.2 ±4.71/

3ANDS9 0.0 ± 0.0 0.0£ 0.0 0.0 z 4. .3± .3

EOSXNOPHILSq S 6.6 t 3.4 7.7 t 1.1 3.0 a 1,5 8.7 .~40

MONO:P,4 1: 0. :L: ::: :.0 1 0:: :.: ± : .:± :

ATYPICAL* S 0.0 0, 00 0.0 0.0 0.0 ± 0.0 0.0 1 0.0

NCETDBCSG.0 0.0 0.0 £0.0 0.0 ± 0.0 1.0 £0.0

CLTTN TIME* M!Ne 6,6; ot .9 7. : 382 .

$OT U/I.2. 2.1 34.8 t 3.9 37.3 1 3.6 35.5 k .5

I AL K. PHOS.. IU/L 23 z 7! 33±1 4 32 1 3 32± 4

BU N# 46 S 1 2 . 7 t 1.2 14.0 L .9 14.2 1 1.2 14.7 * 6

IMMUNOOLOUULIN to IU/ML 667 ± 53 S00 t £ 1

V Sinificantly *ff ermat from control dogs (Duvinett'. multiple comparisona procedure).
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TABLE 12

!A3ORq DA oP NIA OFSa Ann08 • WaZUNisTION 9O TUO FOR 1i2 )O~s .. ID m-s AND

lCtN) CONTROL (T*N) TREATED N m NUMBER OF DOGS

DOSEs MS/KS/DAY 0 ICe 3) 1 IT. 3) S (To 3) ES (T. 316 3

ERYTHROCYTES (Xio J11 ) 6.03 1 .po 6.17 t 01' 6.61 1 .18 6.72 £ .0o

HEINZ 0O0IESO s 0.00 t. 0.00 0.00 .0o0 0.00 ±t 0.00 0.00 & 0.00
RETICUILOCYTES9 s .35 t .07 .59 . l .4') 1 .14 .43 ± .13

HEMATOCRIT, VOL. 1 45.0 * 1.0 43.3 t 1.3 46,,? 1 1.3 46.3 . 1.9
HEMOOL091S S0ON. S 15.4 2, .6 15.2 1 .4 1'•.1 .4 15.7 ..8

METHEMOOLOIIN9 S 0.0 1 0.0 0.0 1 0.0 0.0 . 0.0 1.0 t 1.0o

NCVs CUSIC MICRONS 74.7 -* 1.2 70,2 1 .7 ?0.6 1 101 66.9 1 2.8

MCKHO MICRO MICROOS. 25.6 ± *S 24.6 ±. .1 24.3 ± .1 23.3 1.1
MCNOC 9 am s 34.2 t .5 3S.0 t .3 34.4 1 .3 33.8 .4

ZrrMS AN MWA + STADASD WM.O

I_/ sip•itican•tly differemt from control dogs (Dunnett's multiple cosparison procedure).
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TAML 13[ LA3~~~~~!ATUOxI DATA 0orEW DMQ £71 yaIT&1U 7~ 12 )IOTU An £LLOWT
TRaOw Evan. 71 M

ICON) CONTROL IT*N) TREATED N a NUOMER OF DOeS

DOSEs MS6KOIDAY 0 ICe 31 1 IT, 3) S (To 3) It (T, 3)
60 3

ERYTHROCYTES (1iO M" N 6.38 a .0O 6.*.4 1 .43 6.S2 t .*24 6.SS , *3?

HEINZ BODIES, S 0.00 3. 0.00 0.00 a 0.00 0.00 a, 0.00 0.00 a0.00

RETICULOCYTES. 1 .6S a. .17 .59 0 .19 .62 1 .04 .S2 *10

SHENATOCRIT, VOL. S 46.0 a. 1.0 40.3 . 2.2 46.7 1, 2.9 49.7 a. 2.0
MENOBL.OBINo ON. S 16.4 & .41.0 a .S 15.7 a .9 16.3 go .

METHENMOLOBIN, S 0.0 t 0.0 0.0 o 0.0 0.0 a, 0.0 0.0 a 0.0

"MCV. CUBIC MICRONS TS.3 . 1.6 70.9 3. 1.7 ?1.4 :L 1.9 7.0 a 26.2
MCtIBS MICRO NICROSNS. 25.7 a oS 24.9 a .46 24.0 *S .S.0 1.2

MCMSC, ON S 34.2 a. .1 35.1 :L .1 33.6 L .2 32.9 a .7

ENTRIzE AR!E MW t STAiDAU ER101.j i. ./ Silitfcantly different from control dogs (Dunnatt's multiple comarLson procedur•).
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U IV. RAT STUDIES

beo The results and interpretation of the studies in rats are described
below.

A. Observations and Toxic Signs

There were few toxic signs observed. By month 3, the high-dose (12
TNG in feed) rats were obviously underweight, as discussed below. Furthermore,
their fur was usually a dirty tan color. There were no obviously localized
stainings, but the rough, matted appearance showed that this was due to a lack
of grooming. Occasionally, some of the high-dose rats would have bluish skin,
especially around the snout; we ascribe this to methemoglobinemia.

As usual, there were unscheduled deaths, summed in Figures 4 (males)
and 5 (females). All the groups were generally similar, except the high-dose
females, who had a conspiciously lower deatb rate. For lack of any other
cause, we tentatively ascribe this to decreased obesity. The major causes of
death were pituitary adenomas, ulcerated subcutaneous tumors, and miscellaneous
causes. Cases will be discussed in turn.

N The most common background tumor in this strain of rats is the pitui-
tary chromophobe adenoma,16/ which accounted for a majority of the unscheduled
deaths. We could usually identify the rats with this tumor by observing their
motor function. Most commonly, they had unilateral ataxia or paralysis. Some-
times this was seen in the hindquarters, sometimes over the entire body. In
addition, many of these rats became hyperexcitable, showing exaggerated motor
responses to stimuli. Other signs seen at times were tear pigments
around the eyes or snout and exophthalmos. Severe tumors were accompanied
by large weight losses; a loss of 100 g or more within 2 weeks identified
moribund rats for necropsy. One of the earliest cases was middle-dose
(0.1% TNG) female No. 132, who lost over 200 g in 3 weeks. Her terminal
blood (see Table 17) was somewhat concentrated (perhaps due to dehydra-
tion from decreased drinking), but otherwise normal.

Subcutaneous tumors were quite common at milkline sites in females

and sometimes seen at other sites and in males. The faster growing tumors,
Sidentified by repeated observations and the tautly stretched skin above

them, often became ulcerated. Then, the rat would be killed for necropsy,
as the low-dose (0.01% TNG) female No. 81-212 was when a tumor beside her
left front leg became ulcerated.

Some of the miscellaneous deaths were readily diagnosed. For in-
L stance, low-dose male No. 81-102 was unusually obese (over 800 g weight

and still increasing) when he was bled after 6 months feeding. In the process,
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he suffocated in the holder when his attempts to escape caused his maws of
fat to block air circulation. He was replaced by an extra male who had re-
ceived the low-dose feed, but not been weighed regularly. During week 44,
low-dose metabolism male No. 81-415 had rales and appeared to have lost
weight. He was not weighed regularly. We feared infectious disease, and
killed him for necropsy. His blood was normal (Table 17); pathology is
listed below. One of the more interesting rats was high-dose metabolism
male No. 83-431. When killed in week 62, he was weak, especially in the
hindquarters, similar to the rats with pituitary adenomas. His skin was
very loose, implying recent weight losz. The gross examination found ex-
treme splenomegaly (10.0 g) and prominent, greenish thymus and lymph nodes
in an emaciated body. The laboratory data (Table 17) were bizarre. The
tabulated 94% bands (immature granulocytes) are misleading. The actual
observations were 14% bands, 25% metamyelocytes, 26% myelocytes, 26% promye-
locytes, and 3% myeloblasts, representative of the entire hematopoietic path-
way. The eosinophils were actually eosinophilic metamyelocytes. The few
erythrocytes present had moderate anisocytosis and poikilocytosis, with
lesser incidence of other abnormalities. The serum glucose and enzyme
levels show gross derangements of liver function, including complete failure
of gluconeogenesis (a sign of terminal starvation in humans). Since this was
the only case of such extreme leukemia in any dose group, we believe it is a
incidental lesion not related to TNG feeding.

However, some of the unscheduled deaths had no obvious cause. The
most common symptom s inanition. Sometimes, this accompanied rapid tumor
growth, with the tumor apparently starving the body of necessary nutrients.
Some deaths occurred at night and autolysis hindered or prevented necropsy.
Laboratory data from selected rats are included in Table 17; included are
rats with abnormal findings and high-dose rats.

B. Body Weight

Average body weights of rats fed various doses of TNG are shown in
Figure 6. Control rats gained weight quickly at first, and then at a decreas-
ing rate. Male rats reached a plateau of over 800 g after about 15 months.
Females reached a plateau of over 500 g near the end of the study. As usual, I
there were month-to-month fluctuations, especially in the last months as rats
had weight losses from inanition or pituitary adenomas, or weight increases
from subcutaneous tumors, and then died. Growth rate of the low-dose rats

was about the same as controls throughout the study; much of the curve is
omitted from the graph for clarity. Growth rate of the middle-dose rats was
about the same as controls at first. After 3 months (males) or 12 months
(females), they weighed consistently less (about 60 g in males and 30 g in
females) than controls. The body weights of high-dose males significantly
lagged behind those of the controls immediately after the starting of treat-
ment. The high-dose females lost weight at first, and started to gain weight
after 3 weeks. Furthermore, the body weights of the high-dose rats reached



lower plateaus, about 600 g for males and 300 g for females, considerably
less than those of the controls.

C. Feed Consumption and TNG Intake

The average feed consumptions are shown in Table 18. To provide
equal weighting on the time scale, the weekly measurements in the first
month were averaged to create a composite value for the month. There is
a dose-related decrease in feed consumption among the males and females,
although the differences are not statistically significant, with the ex-
ception of difference between the high-dose females and the controls.
This decreased consumption is most extreme in the first 3 weeks, as shown
in Table 19.

The average TNG intakes are also shown in Table 18; the monthly
intakes are plotted in Figure 7. The TNG intake values were corrected for
TNG evaporation. Evaporation was determined by assaying TNG content of feed
in a cage (without animals) over the period of a week. The initial TNG in-
takes were similar between the sexes. As the males gained weight faster
(Figure 6), their average TNG intake, based on kilogram body weight, de-
creased faster. The high-dose rats had drastically decreased feed consump-
tion in the first weeks of the study (Table 19). Shortly thereafter, both
the males and females increased their feed consumption with increased TNG
intakes. The fluctuations reflect the usual month-to-month biological varia-

tion in feed consumption. The overall averages of TNG intake by the low,

middle and high males were 3.04, 31.5, and 363 mg/kg/day, respectively; and
those of the females were 3.99, 38.1 and 434 mg/kg/day, respectively.

D. Laboratory Data

lBaseline hematologic data for the various groups of male and female
rats are shown in Tables 20 and 21, respectively. The values for various
parameters were normal, with only toxicologically insignificant differences
between groups.

Laboratory data after 3, 6, 9, 12, 18 and 24 months of feeding TNG
are shown in Tables 22 through 33. The most consistent effect seen was
methemoglobinemia (typically 10 to 30% of total hemoglobin in the individual
rats) in the high-dose rats. Small amounts of methemoglobin were occasionally
seen in other dose grours, but this is an artifact of the assay method, which

4 involves the difference of two absorbance readings (see Appendix I). By 24
months the high-dose rats had apparently acclimated to the treatment. Only
a negligible amount was found in one fewmale rat. During the first months
of the study, the high-dose rats had an elevated erythrocyte count, hemato-
crit and hemoglobin, which are interpreted as hemoconcentration. Toxic methe-
moglobinemia ives rise to anemia and a compensatory increase in erythro-
pois 1s.4 The only evidence of this response was a variable incidence
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2S.
of reticulocytosis in the high-dose rats. Apparently, normal mechanisms
compensated for this toxicity. The high-dose males after 24 months dosing
(Table 32) showed a small decrease in glucose and an increase in the
serum enzymes, a phenomenon seen in most of the later unscheduled deaths
of high-dose rats (Table 17).

Laboratory data from rats fed TNG for 12 months and allowed to
recover for I month (Tables 34 and 35) showed no methemoglobinemia. The
only effects seen in the rats fed 24 months and allowed to recover (TablesS.36 and 37), were abnormal values in the clinical chemistry parameters for
a glucose level of 20 mg %, alkaline phosphatase of 214 IU/liter, SGOT of'
2300 IU/liter, and SGPT of 1330 IU/liter.

E. Pathology

Data are available on 31 male and 36 female control rats, 28
and 37 low-dose rats, 33 and 36 middle-dose rats and 27 and 33 high-dose
rats. In addition, data are included on one male and one female control
rats, six male and three female low-dose rats and two male high-dose rats
from the metabolism study which died at unscheduled times. Missing data

are due to autolysis, cannibalism, etc.

1. Feeding for 12 Months

a. Organ Weights

Absolute and relative organ weights of rats fed TNG for 12

months are listed in Table 38. The high-dose rats had decreased body weight
reflected in organ weights relative to body weight that were generally sig-

nificantly higher than those of the controls. In addition, these high-dose
rats had enlarged livers. The high body weight of middle-do3e females and
the high kidney weight of the high-dose females were normal variations.
They were not seen elsewhere. After rats were allowed to recover on con-

trol feed for a month, the organ weights are essentially the same (Table 39).
The statistically signif~icant increase In spleen weights of the high-dose

males was a normal variation.

b. Tissue Lesions

Tissue lesions it, the male and female rats fed TNG for 12
months are summarized in Tablee 40 and 41, respectively, those from the
rats allowed to recover for a month are summarized in Tables 42 and 43. No
recovery was apparent, the lesions are considered together.
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no,

(1) Naturally Occurring Lesions

A number of spontaneous ]esions were found in various

tissues of these rats, mostly mild degenerative changes. The lesions either
were occasionally seen in some rats, or occurred in both the control and
the treated rats.

(2) Treatment-Related Lesions

Two distinct liver lesions were found. The first was

cholangiofibrosis, proliferatIon of the bile ducts and fibrous tissue,

in high-dose rats. Grossly, there were white patches of various sizes

scattered across the liver (Figure 8). Microscopic examination showed
various degrees of development, from mild to severe (Figures 10 and 1i) in

these rats. This lesion was more severe in the rats allowed to recover

for 1 month. This may represent merely varying susceptibility, but the

additional time for the lesions to develop in the recovery study is alsr

a factor.

The second lesion was a progressive dev'lopment of hepa-
tocellular carcinoma, first described by Reuber 2!/ for N-2-fluorenyldiaceta-
mide and by Newberne and Wagaydl./ for aflatoxin B1 . NowcnLlature was clari-
fied by a National Cancer InstitutAe-sponsoved workshop,19 and was followed
in this report. The initial stage was foci (smaller lesions) or areas (le-
sions of lobule size or smaller) of altered hepatocytes. These have been
called "hyperplastic foci" or similar terms in earlier reports. Liver ar-
chitecture was preserved and there was no clear-e')t dewzrcation between
affected and nonaffected cells. This lesion was see, in two control rats,
six low-dose rats and 10 middle-dose rats. This leqjovi and/or the later
stages was seen in all high-dose ruts but one. Sevcrity was similarly dose-
related, with only mild lesions in control and Low-dose rata, mild or Moder-
ate in middle-dose rats, and all degrees from %.one to severe in the high-dose
rats.

The next state 'ias neoplastic noduies, formerly called

Ahyperplaotic nodules. These were spherical leeions, as large as several
"lobules, withoLut normal internai architecture. A usful. criLerion was the
presence of a sharp border with compression of the auiansl liver tissues im-
mediately oautside the nodule. This lesion was •een in several high-dugse
rats and, in mild degree, in oae middle-dose rat (No. 82-322). The last
stage was hepatocellular carcinonma, seen only in hiLh-dose mtnle No. 83-326.
Pathology will be maore fully deacribed below, with the other cases. The
workshop1:9/ counriudad that a:11 rat hepatic cell tumors had the potential for
malignant behavior. Therefore, the term "hepatoma" warn disea ded and all
tumors were labeled "carcinc.mas."
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There was excessive pigmentation Iu the spleens of all
high-dcose rats and the epithelium of the kidney of many, including most of
the females. Some mild cases were seen in other treated ratb. This pig- j
ment was in the form of brownish granules, resembling hemosiderin. However,
it was distinguished by a weak or missing Prussian blue reaction, indicating

little or no iron. ]
2. FeedinR for 24 Months Including Unscheduled Deaths

a. Organ Weights

Absolute and relative organ weights of rats fed TNG for 24

months are listed in Table 44. The various values were much like that seen

after 12 montf.s feeding. High-dose rats had decreased body weights causing
increased relative organ weights. Some normal variations included low body .
weight in middle-dose females and low heart weight in high-dose females.
The results in rats allowed to recover for 1 month were similar (Table 45),
although somewhat obscured by the rats dying at unscheduled times including
all three low-dose males.

The high-dose rats had remarkably large livers. Of 11 high-
dose male rats, all had livers waighing over 30 g (up to 167.40 g for
'No. 83-173), while only one of the other 24 males had a liver over 30 g (middle-
dose flo. 82-137 having a liver weighing 43.86 g). Of the 21 high-dose female
rats, only one had a liver weighing less than 22 g (No. 83-286 in the recovery
study having a liver weighing 18.24 g), while only one of the other 33 feb'ales
had a liver weighing more than 22 g (low-dose No. 81-224, having a liver weigh-
ing 22.52 g).

b. Tissue Lesions

Tissue lesiuns -n rats fed TNG for 24 months are summarized in
Tables 46, 47 and 48, und In Tats allowed to recover for 1 month in Table 49.
Lesions in rats that died or wer4 terminated at unscheduled times are sum-
marized in Tables .50 through 56. These results do not include all animals or
all Qrgans because some rats died at night, and autolysis hindered examina-
tiuoi. To increase .'he numbers available for calculating incidence, we in-
cluded all rats fed the same dosage mixtures used in the various studieu.
Rats with numblezs in the 300'e were intended to be fed for 12 morths, but
d,,d early; rats with numbers ir the. 400's were intended for the metabolism
study.
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(1) ���a11ficcurring Lesions

k A great variety of naturally occurring lesions were found
in these geriatric rats. The lesions were listed in the lower pa�.t of the

appropriate tables. There were tio classes of lesions: the degenerative le-
siois found in most geriatric rats ai�d the rare lesions found in a few scat-tered rats. typical degenerative lesions included mild chronic murine pneu-monia (endemic among rats) and mild simple bile duct hyperplasia. The rore

lesions included a variety of tumors and lesions in various tigsues. The
various tumors were extracted from Tables 46 through 56 and listed in Table 57.
No obvious dose relationship existed among these relatively rare tumors or
le�d.ons; they were not related to the treatment.

(2) Treatment-Related Lesions

As seen in rats fed TNG for 12 months, a number of
treatment-related lesions occurred and were listed in the upper part of
the appropriate tables. The incidence of these TNG-related lesions was
extracted from Tables 46 through 56, including all rats fed for more than
a year and the few earlier unscheduled deaths, and tabulated in Table 58.
StatisticaL analysis i� Chi-square tests or exact probabilities on con-

tingency tables of these data with p <0.05 considered significant.F As seen. in Table 58, the liver lesions occ�'rred earlf.er,[ but were much ::iore advanced. Almost afl high-dose rate h�d cholangiofib2osis,
�,sually severe. Besides the cholangiofibrosis, some livers had nonftbrous
livers louke�' as i�! thu rat was attempting to grow a gallbladder. In many
bile duet hy�rplasia, cystic, adenoma�oid, or both. Some of these cystic
c&ises, this liv3r �esi.on was combined with a progressive development of
hepatocellular :arcinoma. These lesionG were zesponsible for the enormous
liver sL..s, as shown in the cross photcg:aph (Figve 9). Photomicrographs
showed advanced cholang�ofAbronis (F�ure lee) and one variety of the carcin-

or�a (Figure l�i). A usual varity of carcinov'� architecture.!2./ was seen in

th�e. iats, ranging froir. re�uiar bi-tayer to re�idom aggloaierations. Hepato-cUlulur carcin �s occurred in same u�Iddle-dcise rats Lut the ine±dence�.as l...�ss. The middle-dose rats also h� a eignifh�an� iLcrea�se in the in-
cidcncu of a�easi of F.apacoceiluiar alt�ration� the first step in liver car-
ci�ioger'esis�

Occeilonal n.et6tastic noiuJe3 were seen '.ri the lungs

of �ine rats (Trible 57). These were L!ntifi�,1'� an �rigtna:ing i� the
hep�A�oc*.llular �a,�cfr.ema (see 13'igure 1?).

Half the high-dose males Imd in.�et'etit.Li.l. cell tuw�'r� in
.Aw. �st�s IFi�ure li). The growth t� th.e tumor w1th.�r� the tunics aibu�ineM
proc�aeed pre�i�u� on the tubules, ceuwLn� atrophy ac� u.spertt�gen�.sis. This
atrophy o�c.U�Led ?SrCly iu ,vmtumoroi.w baEtes from rcta of all dos�ge groups,
nnd is not ditect ta�dt .�ect. o� TI4G, Imt�.cqricial �oll �uw�rc were also
t�een in a �ici�� J.OWe� c�o�e and �vsitrul rats,
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As seen in rats fed TNG for 12 months, the high-dose I"
rats, especially the female, had increased pigment deposits in the spleen
and the renal epithelium. These pigments resembled hemosiderin, and are
presumably hemoglobin-derived. -.

One most unusual effect was a considerable decrease in
the incidencel6/ of the two most common tumors in the high-dose rats: pitui-
tary adenoma in both males and females and mammary tumors, primarily fibro-

[ adenomas in the females. The mechanism of this decrease is unknown. The de- -
crease is probably responsible, at least in part, for the increased life span
seen in high-dose females. These tumors were the most common causes of death.

Hepatic hemangiosarcomas were seen only in three high-
dose males. This is not statistically significant (p = C.09), and may
represent normal variations.

F. Three-Generation Reproduction Study

As shown in Table 59, the mean body weights of both male and female
high-dose rats were significantly decreased at all matings. No specific
effects on the fertility of the Fo generation were seen. However, the F1
generation of high-dose rats had severely impaired fertility. The first mat-
ing of the F1 generation produced only three litters, the F2a. None of the
F1 dams which littered from the first matings, had a second litter (F2b).
Therefore, first litters (F2a) from the second mating were used to produce the
F3 litters. Although the 14 pairs of F2a rats were mated twice, there was
only one F3 litter. The high-dose F2a females were then mated for a third
time with control males. We found that 13 of 14 became pregnant. It was then
evident that the infertility of F2a generation was due to the males. This
conclusion was strengthened by the observation that F2a high-dose males had
very small testes (about one-fourth normal size) and that they produced a high
incidence of vaginal plugs without sperm. In addition, microscopic examina-

tion revealed severe aspermatogenesis and mild to moderate increased inter-
stitial tissue in the testes of these F2a males.

The data for the various litters are detailed in Table 60. All
parameters (litter size, live-born index, birth weight, viability and lacta-
tion indexes and weaning weight) except male ratio, were reduced ia the high-
dose Fla litters. Most parameters were also reduced to some extent in the
high-dose Flb and F2a litters. These adverse effects of the high dose of TNG

appeared to be secondary to the poor nutritional status of the dams. During
the Flb gestation period, feed intake by the dams was measured. The feed in-
take of these high-dose Flb rats was about 65% of those of the controls. The
product of the litter size and birth weight, that is, total litter weight can
be considered as gestational product. It is interesting to note that the ges-
tational product of the high-dose Flb rats was about 62% of those of the con-
trols.
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The reduction in litter size of the high-dose Fla and Fib litters

might suggest mutagenic and/or teratogenic effects. The high-dose F0 males

and females were mated with control rats following the general procedure in
Appendix II. The results of the dominal lethal mutagenic study of the males

S if are discussed below (Section G.2.).

Results of the teratogenic study (the third mating of the females
of the F, generation) are given in Table 61. The weight of the high-dose
females on gestation day 0 and their weight c.hange (excluding the uterus and
contents) were significantly less than the contZol group. In addition, their

j - liver weights were significantly increased relative to their corrected body
- •weight. The number of implants and the viability of these implants were not

affected. The mean fetal weight was not reduced in comparison with the con-
current control group. Examination of the soft tissues of one-half of the

-• fetuses disclosed only a single malformation in the high-dose group which
appeared to be related to the TNG exposure. Although the incidence of
diaphragmatic hernia was not judged significant by the two-sample rank test,I. its occurrence in four of 19 litters of the high-dose group and the neonatal
death for the Fla and Flb litters in the three-generation study suggest this
teratogenic effect as a possible cause of the reduced litter sizes observed

-1 with the earlier litters. Examination of the skeleton of the other half of
the fetuses revealed a single site of anomalies in the high-dose group which
appeared to be related to the TNG exposure. The incidence of absent and in-
complete ossification of the hyoid bone were significantly increasee when
compared to controls. The skeletal anomalies are indicators of delayed de-
velopment and are not normally considered as valuable in assessing terato-
genic potential. However, the sternabra, centrum and bones of the skull

were not similarly affected.

G. Mutagenesis Studies

1i. Cytogenetic Study

The results of the chromosome analysis of the bone marrow and kidney

cultures from rats fed TNG for 24 months are shown in Tables b2 and 63. There
were no statistically significant changes. The only slight difference was in-
creased chromatid breaks and gaps in the kidney cultures. Since "these aber-
rations are of questionable relevance with regard to heritable events of im-
portance to man,1'2--/ they are not considered toxicologically important.

2. Dominant Lethal Mutation Study

The results of the dominant lethal mutation study, using males from
the main chronic toxicity study mated to untreated females after their (the
males) second mating to treated females in the three generation reproduction
study, are shown in Table 64. There was no evidence of an adverse effect on
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male fertility, on preimplantation loss as indicated by the implantation
index, or on postimplantation losses as indicated by the implant viability
index. There was no dominant lethal mutation effect. Furthermore, the re-
duced litter sizes seen by these high-dose males and the high-dose females
of the three-generation reproduction study (Table 60) are apparently due
to non-genetic factors. Li

H. Metabolism S<',.-i6Js [i

The results of the metabolism of TNG in rats fed TNG for 3, 12 or i
24 months are shown in Tables 65 through 70. Results are similar to those
seen earlier in rats not fed TNG before the metabolism study.I/ There are
no consistent differences between sexes, between dose groups, or between the i
time periods. Radioactivity from the oral dose is excreted in the urine,
air, and feces. The only major concentration within the body is in the liver,
the organ of metabolism and excretion (in bileŽ3) Metabolic reactions in-
elude denitrification toward glycerin, glucuronidation of various nitrogly-
cerins, and oxidation and other reactions of the glycerin. The fate of the
removed nitro groups is unknown. The urinary metabolites include little, if
any, TNG, but relatively large amounts of the di- and mononitroglycerins and
their glucuronides. Other major metabolites included glycerin and some un-
identified polar compounds, presumably metabolites of glycerin.

I. Discussion

A general toxic effect of decreased feed consumption causing de-
Sweight gain was seen in rats fed the high dose of TNG. Interestingly, )

this was not accompanied by a decreased life span. In fact, the high-dose
females, although most effected in certain systems (such as liver), had the
lowest death rate.

Profound methemoglobinemia occurred in the high-dose rats. The only
sequelae were occasional reticulocytosis, indicating an anemia corrected by
the natural erythropoietic mechanisms, and deposits of hemoglobin-derived pig-
ment seen in th2 spleens and/or the renal epithelium of some high-dose rats.

Two distinct types of lesions were found in the livers of the high-
dose rats. Almost all of thein had hyperplasia of the bile ducts, often highiy

fibrous, known as cholangiofibrosis. In addition, there was a progressive de-
velopment of hepatocellular carcinoma, following a pattern seen with chemi-
cally distinct compounds such as N-2-fluorenyldiacetamid-l7/ and aflatoxin
BI.--/ These changes eventually caused considerable elevations of serum en- .
zyme levels. The incidence of foci and areas of hepatocellular alteration,
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the first stage in the development of hepatocellular carcinoma, was also in-
creased in the middle-dose rats. Male rats fed the high dose of TNG-developed
interstitial cell tumors of the testis. This effect produced a secondary
sterility from the pressure extended by the growing tumor on the seminiferous
tubules.

The most common spontaneous tumors in the rats used for the study
are pituitary chromophobe adenomas and mammary tumors, especially fibro-

t adenomas.l_6/ The high-dose rats had a significant decrease in these tumors.
These decreases in tumor incidence contributed to the observed decrease in

1 death rate.

The three-generation reproduction study indicated severely impaired

fertility in the F1 and F2 generation of the high-dose males. Microscopic

examination of the F2 males revealed severe aspermatogenesis and mild to mod-
erate increased interstitial tissue in the testis. Various parameters measur-
ing the F1 and F2 litters were reduced due to, at least in part, poor nutri-
tional status of the dams. There were no significant effects on chromosomes
in the cytogenetics study and no mutagenic effect in the dominal lethal study.
Continual feeding of TNG did not affect how the body absorbed, metabolized and
excreted a large oral dose of the compound.

J. Conclusions

The high dose, with TNG intake of 363 mg/kg/day in males and 434
mg/kg/day in females, was toxic, decreased feed consumption and depressed
weight gain. Target organs included the blood (methemoglobin), liver (cholan-
giofibrosis and hepatocellular carcinoma) and testis (interstitial cell tumor).
There was a decrease in the naturally occurring tumors of the pituitary and
mammary g-"and, which decreased the death rate in females. The three-generation
reproduction study indicated severely impaired feitility oi the high-dose F1
and F2 males. No specific effects were seen on chromosomes in the cytogenic
study, on mutagenesis in the dominal lethal study, or on the metabolism of TNG.
This toxic dose in rats is enormously larger than the usual human dose range
of 200 pg to 10 mg/man/day.21/

TTLe middle dose, with TNG intake of 31.5 mg/kg/day in males and
38.1 mg/kg/day in females, was slightly toxic. It produced the preliminary
lesions which can develop into hepatocellular carcinnma.

The low dose, with TNC intake of 3.04 mg/kg/day in males and 3.99
mg/kg/day in females, had no apparent toxic effects.
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TABLE 18

FEED CONSUMPTION AND COMPOUND INTAKE OF RATS
FED TNG FOR 24 MONTHS

Males Females
Feed TNG Feed TNG

Dose Consumption Intake Consumption Intake
(% in feed) (g/rat/day) (mg/kg/day) (g/rat/day) (mg/kg/day)

0 26.79 + 1.05V/ -- 19.30 + 0.92

0.01 26.65 + 0.82 3.04 + 0.16 19.99 + 0.44 3.99 + 0.18

0.1 25.90 + 0.68 31.5 + 1.6 18.56 + 0.49 38.1 + 1.6

1 23.77 + 0.67 363 + 10 15.07 + 0.50.5/ 434 + 11

a/ Mean + standard error of 24 measurements; the first month is the average
of three measurements.

b/ Significantly different from control by Dunnett's multiple comparisons
procedures.
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TABLE 19

* :• FEED CONSVMPTION O? RATS
FED TNG FOR 3 WERS

Feed Consumption i-
Dose (g/rat/day)

(X in feed) Males Females

0 24.4 + O.7•' 16.4 + 0.4

0.01 24.3 + 1.0 17.0 + 0.4

0.1 23.1 + 0.7 14.9 + 0.2

1 16.4 + 2 , 2 b/ 9.0 + 2.0-WI'

a/ Mean + standard error of three measurements.
jb/ Significantly different from control by 3

Dunnett's multiple comparison procedure.

ii
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S4TANLI 20

La~UADW f A LA O iLOAS I 1N0U3W1 3011 O

(CON) CONTROL (TON) TREATED N a NUSEPR Or RATS

DOSE1 S IN FEED 0 (C, 4) 0.0 (TO 4) 0.1 (T, 4) 1 (T. 4)
6 3

ERYTHROCYTES 1XIO 1141 6.13 t. .?3 6.3s .2. SP .94 2. .15 604l 2.01

HEINZ BODIES* % 0.0 2 0.0 0.0 0 0.0 0.0 1 0.0 0.0 0 ,0

RETICULOCVTES. % 6.24 t 1.03 6.5? 2 1.22 6 03 ± .%A 6.t4 1 .60[i HEMATOCRIfe VOL. 49.5 i. 1.3 41.1 0 2.7 48.3 1.S 49.8 1 1.4

HEMOGLOBIN- 60. 1 14.6 0 s 16.4 2 .5 14.4 0 ,1 14.5 2 .S

,iETNEMOOLOBIN., 0.0. 0.0 0.0 , 0.0 0.0 ± 0.0 0.0 2 0.0

MCV, CUBIC MICRONS 80.8 2, 1.4 81.4 2 1.2 A1.2 L 1.5 80.? * 1.1

NCHd. MICRO MICROGMS. 24.2 1. .1 25.0 .9 ?4.3 2 .3 ?4.1 1 .4

MCHBC. ON s 30.0 2 .' 31.9 2 1.5 30.0 S .5 29.9 ± .e
5 3

PLATELETS (X10 /MM 5.3 t .6 SO? 2 .3 6.6 t .5 6.5 2 .4
3 3

LEUKOCYTES (XIO /Mm 19.0 t 3.h 20.7 2 1.4 21.4 t 3.6 21.4 2 .S

NE9JTROPHILS9 % 15.0 2. 4.3 It.8 A 8.3 t 2.7 14.0 2. 3.4

LYMPHOCYTES. S 84.3 2 4.3 90.5 2 1.3 91.3 2 ?.s A4.8 ± 3.8

-ANDSO 6 0.0 2 0.0 0.0 1. 0.0 0.0 t 0.0 0.0 , 0.0

EOSI:OPHILS- .3 _ .3 .:1 .3 :3 0 .3 1.0 .

iBASOPHILS- ft 0.0 t 0.0 0.0 t 0.°0 0.0 0.0 0.0 0.0

MONOCYTESO I .5 2. .5 .5 1 .3 0.0 2 0.0 .3 ± .3

ATYPICAL. 6 0.0 t 0.0 0.0 _ 0.0 0.0 2 0.0 0.0 2. 0.0

* NUCLEATED PAC. 6 0.0 2. 0.0 0.0 2 0.3 0.0 2 0.0 .0 L .3

ENTRIES ARE MEAN ! STANDARD ERROR

. Significan'tly differont from control rams by Dumkati 'a multipit compsrison procedure.
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bh•I ,A OP W A ..-• R OF IN

(CN) CONTROL (TON) TREATED N * NUmwER OF RATS

DOSE: S IN FEED 0 (C, 41 0.01 (T, a) 0.1 (T. 4) I (?, ')

ERYTHROCYTES tX10 OM 6.07? L .11 6.16 L .13 6.03 I .1n 6.AS ,

HEINZ SODIESo 4 0.0 L 0.0 0 : 0.0 0.0 0.0 0.0 : 0.0

RETICULOCYTESs 3.%S *_ .73 4.01 :. O74 3.4 0 .23 2*?74 .3?

HEMATOCRIT, VOL. S 44.6 * .6 4S.0 . 46.5 .6 4A.3 1.1

HEMOGLOBIN* GM. S 14.0 .5 14.1 . 14.2 0 .? 15.0 S .-

METHEHOGLOBINs w 0.0 . 0.0 0.0 ± 0.0 0.0 1 0.0 0.0 ± 0.0

MCV% CUBIC :ICRONS ?3.9 . 73.0 :L 1.3 7?.1 L .e 70.5 1 1.0

14 CHBo 041CRO MICRO614S. 23.1 .4 22.9 1 .3 23.6 1. .3 21.9 2. .2

"CNSBC, GM S 31.3 * .7 31.3 , .1 30.6 ± .? 31.1 • .5SS 3
SPLATELEYS (XIO /Am 7 .4 • S 9.5 g72• e T.? .4 ..

LEUKOCYTES (IO /MM 14.4 . 1.3 I5.S • 2.? 14.0 1 1.0 14.9 . 1.0

NEUTROPHILSv S 6.0 L 1.4 S.5 .3 80. s 4.6 9.0 ? 2.A

LYMPHOCYTES. S 92.0 :t 1.7 94.1 1. .!5 91.5 2.4.6 90.5 ? .9

BANDS. .3 & .3 0.0 1 0.0 0.0 I 0.0 0.0 0.0

EOSINOPHILS* .e .3 .3 1 .1 0.,0 ±.0.0 . . .

BASOPHILS. 0.0 0.0 0.0 t 0.0 0.0 ± 0.0 0.0 ± 0.0

MONOCYTES. • . .3 0.0 1 0.0 0.& 1 0.0 0.0 ± 0.0
I ATYPICAL. 5 (0.0 • 0.0 0.0 t 0.0 0.0 t 0.0 0.0 ± 0.0

NUCLEATED RBC. .6 • .3 0.0 1 0.01 .3 . .3 0.0 1 0.0*1

ENTRIES ARE MEAN I STANDARD ERROR

*fS±Vutficant1y different from control rote by Dunnett's uultiple comparison procedure.
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T AM .3 MO.N.TH"

1 C*N)rCONTROL (1.N) TREATED N "'NUIMEP OF RATS

DOSE: A IN FEED 0 (C. 4) 0.01 (To 4) 0.1 IT. 4) 1 IT. A,6 3 :••
E ERYTHROCYTES 1110 /NM' 1 7.S2 A14 7.43 '4 .12 7.67 .24 .18 1. .24_

j HEINI BODIES. , 0'6 ± 0.0 0.1 :L 0.0 0.0 _ 0.0 .• 0. .0

RETICULOCYTES. .*96 ± .11 1.01 t .?0 1.40 t .14 2.0.6 S a/

MHE IATO^OIT. VOL. - 50.3 .5 52-. " .7 49.3 : 1.I S. S 23-a

HENOGLORIN* GM. 1 15.7 ± .1 16.6 t . 1S.8 t .4 17.3 ± .61/

METHEMOGLOSIN. 5 0.0 0a Of 0.0 0 0.0 0.0 t 0.0 19.6 ; 4.8&/

"MCV. CIo ICPICRONS 66.9 + 1.1 70.0 . 1.4 64.3 t .1.1 69.9 ± 1.2

MCHN, MICRO NICROGNS. 20.9 " .2 22.3 1.. ' 20.6 t .4 ?1.3 t .1

i MCHI-C. SN S 31.3 . .2' 31.9 &. .4 32.0 t .3 30.6 ± .3
PLATELETS (X10 I/N ) 4,0±. .3 6.1 I .4 6.0 . .. 5.2 t .S

.33 l3

LEUKCCYTE$ ($10 /MM I 16.1 ± 3.S 16.6 1 AS. 18.9 J 1.fA 16.3 ± 1.7

NEUTRUPHILS. S 14.3 .5 8.5 t 3.0 9.0 i 1.5 13.3 ± 3.4

LYMP•'OCYTES. S 89.0 ± 1.1 .90.A t 2.9 .A9.3 . 1.5 86.6 ± 3.4

.SiNOS. 0.0 * 0.0 0.0 1 0.0 0 .0*C 0. co0 0.0

EOSXNOPHILS9 S .3 # .3 .3 0 .'? 1.0 t 0.0-l 0.0 ± 0.0

9ASOPHILS. I 0.0 0 0.0 0.0 ±. 0.0 0.0 t 0.0 0.0 : 0.0

MONOCYTES. s .5 .5 .5 t .1 0.0 1 0.0 0. : 0.0SC E 0.0 o- 0.0 0.1 *. 0.0 0.0 OO D. 0 0.0

NUCLEATYID RCA, : 0.0 t. 0.0 0.0 -t 0.0 0.0 1 0.1 .5+ .3

ENtRIES ARE 64EAN L STANDARD ERROR

/'Bgnft~nt.y diffso'enc from r-oiitol rats by Du tt It mItiple co-artuson procedure.
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TA3Z 23 , " fl
(C.N) CONTROL (T.N) TREATFD N m NUMBSER nlF PAT$

DOSE: 1 TN rEE[O 0 Ice 4) 0.01 (To 4) 0.1 IT. 43 1 (1. 4)

ERYTHMOCYTES (X10 IMM 0.94 t .06 6.11 .,16 6.. .,211/

HEINZ BODIES* , 0.0 ~,0.0 0.0 1. 0.0 0.0 2. .0 (k z t

ARICULOCYES. 4 1.03 L .08 1.30 ,. .05 1.16 '1? 13.14 '_1 .13'

- NHEMATOCRIT, VOL. S 49.3 t .9 S.3 L. 1.0 45.3 1 ., 56,3 t 2.1S/

HEEMOGLOBIN, ON. ISS . .1 14.6 :L .3 !4.4 !. .3 16.9 &.01

NETHENOGLOJIN. % .5 2. .S 0.0 :. 0.0 0.0 z. 0.0 ?0.4 2. 2.4,

MCV. CUBIC MICRONS 70.9 .. 1.8 66.S 1.9 66.0 3. 3 69;6 t 35

MCHB9 MICRO MICROOMS. 22.3 * .3 21.4 • .4 21.1 * .1 20.9 . 1.0

MCHBC. ON 1 31.5 S. 32.3 e .4 31.9 t .1 30.1 * .7
5 3

PLATELETS (X~fl /MM 3 4.8 2_ .2 5.4 S .4 T 6.0 t .5 5.4 :L .4
3 3

LEUKOCYTES (xln /NN 13.S 2. 1.4 332 A 12.4 z 1.0 32MO 1 1.3

NEUTROPHIILS. S S.0 . .7 6.8 1 2.7 S .0 • 2.7 5.8 ± 1.a

LYMPHOCYTESe % 94.8 *_ .5 93.u ? 2.7 92.0 ± 3.9 93.5 1. 2.1

"" BANDS. 0.0 0.0 6.0 0.0 0.0 t 0.(1 .3 0 .3

EOSINOPHILS* 4 .3 t. .3 .3 . 43 2.0 t .7i, .3 1 .3

BASOPHILSs 4 0.0 e 0.0 0.0 e 0.0 0.C t r 0.0A. t 0.0

"MONOCYTES 'A 0.0 2 0.0 0.C t 0.0 !.0 1 1.0 .3 * . .3

ATYPICAL. S 0.0 _ 0.0 0.0 .. 0.0 0.0 t 0.0 0.0 1- 0.0

L NUCLEATED RBC, .3 . ,3 0.0 2. 0.0 to. .. 0., 0.0 2. 0.0

ENTRIES ARE MEAN STANDARD ERROR

8 8a/ Slglficantly diffeaimt from control rat# by Dumuect'o imultipe comp•rison procedure.
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(C.Ak) O(NTIOOL !T.'N) T.RFATTD, N p NUkMtPO PA TS

[ flSE 9 ~NFEQO 0 .(Cr 4) 0.91X ,T. 4) 0.1 (T.:4) 1 (T.:
A 3

NE141' SODIEF. S oto 0.0 L.11 0.0 P.0 6.0 .1

• mtT1CULQCYTES. % .96 13 1.24 ,.21 .87 ,..10 bIb !t .

,,ATOCRIT VOL. S So.a .. S20 1.3 S2.0 ,. 12.8 1.4

, ON.' 15.4 ,.0 1.b. .. 15.4 .3 .5

METH1EMGG.LOBIN. S 0.0 ( 0.0 0.0 •, 0.0 0.0 0.1 18.3 4 2.7T[ .MCV. CUBIC MICRI)NS 7.7 1.? 8, .3.0 6.0 71.A 2.0 D'73.3 P .6

MCHA.- MICRO MJCgO4MS. 21.A0 ± 2 .24:.a 1'2 21.3 7 * 2. 0 ~. .7

MCHB IC. GM S 30;S .3 30.0 ~. .7 9. ± .?30.0 ± .6

L• IPLArELETS (X10 /Mm 6.86* .3 5.9 0, .3 6.? S .. 7,3 ,

3 r3

LEUKOCYTES (X10 /"MM 114.1 ± 1.3 14.S 1 1.7 10.4 I .Q 13.9 2.2

NEUTROPHILS. S 11.5 ± 3.1 10.0 z 2.0 10.3 t . 16.0 ± 1.2ITILYMPHOCYTES, % 86.3 .3.8 87.5 . 2.7 87 88 . 1.; Si.
6  

,]2.2

SANDSO V 0.0" 0.0 . 0.0 ± 0.0 6,0]" 0.0 0.0 ± 0.0

O5ION.CPHILSv S .8 ± .5 .2.0 . .9 1.0 ±. .4 1.8 ± .9

EASOPHILS. % 0.0 -. 0.0 0.0 _ 0.0 0.0 A 0.0 0.0 -0.0

MONOCYTES* S 1.S- .6 S.0.-_ 0. .3 .3 3 . 53.3 .

ATYPICAL, 0.0 0.0 0.0 *. 0. 0 0. 0 ± 0. 0 0.0 ±. o('

SCLEATE S t3.Cv 0.0 2. 0.0 0.0 ±. 0.0 0.0 _ 0.0 0.0 " 0.0

ENWlHIES.ltf MEAN ±'STANPARD ERROR

/ S,•uificantly d'-'ffctent from doatt.l rats by Duumtt's multiple ccmpar1son procedure.
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4+ ....ma. .U, go

Iiii, ' i

(CON) CONTOOL 1T.N) TREATED N c NUPErp (r RiS.

DOSE: S IN VEED 0 (CC 4) 0.01 (Tv 4) 0.1. 4T, .1 1 (T7. 4 -
6 3

EPYTTHROCYTES XIO /MM ) 6.S &, .23 (2) ?.on| ). .,1. T .!$ ?.44*. "

HEINZ NODIES. s 0.0 t 0.0 0.0 t .i.0 W 0.0 ' 0.!• p'v .06.

RETI:ULOLYTES* 1 *.76 *26 (E) .99 1 .18 .94 *t .1m 1.14 '

NEMATOCRIT9 VOL. 1 49.0 (1) 47.5 .; 1, 45 .0 53.3 * t *4.

HEMOBLOHINq 014. 1 15.6 .3 (2) 15.5 41. .s1.± .

"NETHEMOGLOeIN, S 0.0 * 0.0 0.0 * 0. i C'FO t 4•0 17.7 +± .C ( "AI

MCV, CUPIC MICRONS T2.3 41) 67.o t 2.5 64.0 L 1.1, Ti.6 *

t4CH89 MICRO MICROGMS. 24.1 * .5 (,1 22.1 . #a .?0.2 2 W t1.&? *6 .

""CNC Gso 1% 32.7 (W- 32.6 2. .3 31.6 ± .4 29.t. . ,i

PLATELETS (XIO /Mm) 6.5 0 . (3) 700 OP. (31 t~ ~ .4 6~.8'.1 .43 3,1_LEUKOCYTES (XlP /MMd 12.S :. .6 42) 8.3 06%* 9.0 *_1010.0 _ 1.1

NEUTROPHILSo S ?.S L. 1.5 (2) 9.3 t_ 1.3 14.0 1. 2.1 14.5 0 2.2

LY100HOCYTES, 92.s 2 .s (2) 90.5.. )4
3  

itS* P.6 AS.3 . 2.',

BANDS# 6 £.0 ±. 0.0 0.0 i 0.0 0.0 t 0.0 0.0 0.0 1.

BASOPHILSP Co 0~ . 00 0.0 1. 0.0 Oiq) 1 0..0 0.0 1.0. n''.

4ONnCYTEsq s 0c.6 0. .33 .3 .3 j. .3

ATYPICAL, 4 . 0.0 *2. 0.0 C0.0 1, 0.0 9,O t 0.0 0.0 �. 0.0 ( ]
NUCLEATED RPCo 0, *0 .i 1, 0 0.0 t 0.0 0.0 ± 0.0 -1.0 0.0

ENTRIES ARE MEAN _ SIANARD FRPRO

-)

I/ S±1nifleantly diftLcwi: from control itt. bw Duwnact's multdPl* coupetiann proce~ure.
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TAM E26

TO.N) TREATED P • Nu.;P OF RATA

OD"OSE t l. Ff.b 0 KC, 41' 0.01 (iT 4) 0.1 IT. 41 IT* 4)
,!, ) 6.1,% • .2 6.29 1 .36 6.e8 • .. Q 6.63 1 2,A.

L Z I t 0.0 L 0.0 000 ý#. 0.0 0.0 i 0.0 0. 0.

-[C" MErTH[/"'O0¢1. ()LON I •,*!d""''(.V• '0: 0.0 _ .0 0.0 0:0._h
.1V, M,6I .970N 7t. 82867 t1. 3.5

MC6.MIR MIRQ1S 2. 51. .5 14.?5 1 ?3 '1±.1 53.9 1,3METMI , . 30.3 11 .' (3 0.0±t 0. 30.0 0.0 lO.8 2.51.

PLATELErTS'-/ 4E14 ). 4.1 : *1 S. 4 ," .•€. : 2:;

Lt4POCVTUMwS, , " •6.3 7 . 2.4 62.', ( 3. 2 85.0 . 210 76.3 $ 3.6

iSANDS. '• t)fo • 0.0 0.C *_ 0.0 0.0 ! 0.0 0.0 *_ 0.0
,C LO mSId~NO m ,L( .)a .. As. 1.3 3. .5 2.0 1..4 1.8 2.9 12

SA1 614•IS, 1 0.0 #6 0.0 0.0 ? . 030 0.0 .. 0.0 0.0 ! 0.0

MWONOCYFES. 6 .3 4_ .4 1.0 :L 0.0 1.0 ± .07 .8 3 .6

ATYPICAL. 1 0.0 t 0.0 0.0 ± 0.0 0.0 1 0.0 0.0 : 0.0

NUCLEXTFr RRC. . 0.0 1. 0.0 0.0 1 0.0 0.0 1 0.0 0.0 1 0.0

..EINTRIFS APE MEAN.J _ STANDaRD EhRoRW

I--' gulftl," diffIert iron rats by Dunett's multile comparison procedure.
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TABU 27

A OF

ICMN) CONTROL ITN) TREATED N - NUNSER OF RATS

DOSE2S IN FEED 0 (Ce 4) 0.01 (To 4) 0,1 (T: :) I (To 41

ERYTHROCYTES (X]C IMM I b.71 4 31 Sops L o24 5.41 1. .16 S,7S & .11

HEINZ.BODIE%. S 0 0.0 0.0 0 0.0 0.0 z. 0.0 t0 0,0

AtTICIOLOCYTESo S .41 ..11 (3) .09 t *is 1 .08 i .10 (3) 1.35 ± .17 (3)

HEMATOCRITo VOL. S 47.3 . P.? 46.6 ± .9 44.8 ? 2.1 48.0 • 1.?

IIEMOGLOSIN. GM. S 1S.2 A .6 14.3 . .3 13.5 ± .3 14.4 ± .4

METHEMOGLOBIN. o 0.0 ± 0.0 0.0 L 0.0 0.0 1 0.0 1.3 ± L.3 (3)

.MCV*" CUBIC 04CRONS 83.8 .8.1 .8.9 e 2.4 42.7 2.5 83.4 2.2

"MCHO* MICRO MICROGMS. 26.6 . .7 2?.3 25.0 25.1 .3

""CIRCo GM 5 32.4 * 2.6 30.7 1 .4 30.4 ± 1.4 30.1 . .6

3 3
PLATELETS IXI0 /'MN 5.? ± .3 S.% 1. .4 6.9 + oa/ 5.4 ± 6 11.
LEUKOCYTES I(10 /0N 1 15.7 1. 1. 15.4 ± 1.1 12.8 ± 1.2 15.4 ± 2.1

NEUTROPHILS. % 16.0 • 5.4 15.3 1 2.1 10.7 ± 1.2 (3) 16.5 ± 2.4LIi

LY1MPHOCY1ES. S 81.5 • 5.5 82.3 L 1.. I8.0 ± .6 (3) 61.0 ± 2.%

BANDS. S 0,0 ± 0.0 0.0 0 0.0 0.0 ± 0.0 0.0 ± 0.0

EOSINOPH]LS% % 1.3 2 .5 1.3 ..5 .8 ± It 2.0 .9

BASOPHILS. S 0.0 • 0.0 0.0 ± 0.0 0.0 • 0.0 0.0 ± 0.0

MONOCYTESt 0 1.3 1 .8 1.3 1 .A .3 ..3 .5 ± .3

ATYPICAL. S 0.0 ± C.0 0.0 ± 0.0 0.0 t 0.0 0.0 o 0.0

NUCLEATED RRCo 0.0 0.0 0.0 ± 0.0 0.0 t 0.0 0.0 1 0.0

ENTRIES ARE MEAN STANDARD ERROR

/ Spipftcasntly different from control rats by Duunett's multiple compurliot procedure.
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i ~64



TA=L 26
SI•..... . L 3Af"1 l 1 frDATA nF NALE W' •r . .. m O R .. . . . .. 12 NQN1 S

(CoN) CONTROL (ToN) TREATED N v NUMBER Or RATS

DOSE: . in Leed 0 (Co 4) 0.01 (T. 4) 0.1 (T, 4) 1 IT, 4)6 3
ERYTHROCYTES (XIo /NM ) 7/0o .15 7.08 t .21 7.96 i .23 7.91 't .23

o HEINZ BODIES, S 0.0 1 0.0 (.0 1 0.0 0.0 1 0.0 0.01 0.0

*RTICULOCYTESo % .38 t .12 .39 1 .04 .37 1 .03 1.45 ± .251/MHENATOCRIT. VOL. 4 54.3 9 .6 51.0 ± .9 55.5 1 .3 52.6 t 1.9

V HEWOLOBIN. o. 16,.8 .3 16.2 a. .4 16.7 • .2 15.7 ± .6

MTHENEOGLOSINt s 0.0 1 0.0 0.0 1 0.0 0.01 0.0 eo$ z 2.9-/
NCVI CUBIC MICRONS 70.7 . 1.0 72.2 1 1.6 69.7 . 2.1 66.6 : L.0INCHB MICRO NICROONS. 21.9 i .3 22.9 t .9 21.0 1 .7 19.0 1 .3

"UCHC ON s 5S 30.9 2 .4 31.8 S .5 30.2 1 .4 29.7 * .3 '

PLATELETS (X10 Imm I 7.4 1 .4 5. 1 .2 7.8 1 1.1 1.4 z .9S3 3"
LEUKOCYTES (XI: IMN ) 16.9 t 2.3 16:2 1 :.S 20.7 i 3.4

SNEUTROPHILSs S 14.5 t 2.6 14.5 t 4.0 21.3 & 6.4 30.4 4 6.6
LYMPHOCYTES* % 63.8 t 2.0 64.5 t 4.0 70.8 z 6.3 0.Q 6. 0

BANOS. S 0.0 1 0.0 0.0 t 0.0 0.0 1 0.0 0 .0k 0.0

[OSINOPHILSo S 1.5 z 1.0 .5 t .3 1.S X .3 . o ± .3[ASOPHILSt % 0.0 t 01 co 0 0.0 0. 0:0 0:0 ; 0.0

0NONOCYTESt % .3 S3 .5 1 .3 .5 .3 65

ATYPICAL. S 0.0± 0.0 0.0 t 0.0 o.c x 0.0 0.0 1 0.0

NUCLEATED RBCo 5 0.0 t 0.0 0.0 2 0.0 0.0 0.0 0.0 1 0.0

SGLUCOSE (FASTING)[ MG S 124.3 1 3.3 129.0 ! 10.7 (3) 128.3 ± 4.6 (3 117.8 8 6.1

SGOT. IU/L 167 - 99 60 S. 8 1(3) S5 o 4 (3) 268 ± 216

SRP1t IU/L 11 ± 84 32 1. 8 (3) 28 1 2 (3) 219 1 167

ALK. PHOS.o IU/L 56 t 10 45 . 2 (3) 26 2 7 (3) %2 2 IS

BUN$ HG 0 14.3 + 2.1 14.? 1 I.S 13) 14.3 1 1.2 (3) 1%.3 1 2.3

SIMMUNOGLOBULIN E, IUU'ML 2C63 t 583 1643 1 365

ENTRIES ARE MEAN t STANDARD ERROR

,t/ Stsjtcaa--y differenat fr•, trol rsCt by Dunnett'e maltiple ccomparson protoduro.

[
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TAM.! 29

DAO ATOI AA Of L313OW~ AaS O a3lN M a ?n ofl is FO 12 kII3

(CvN) CONTROL (T0N) TREATED N w NUMBER Of RATS

DOSE0 % in feed 0 IC. 4) 0.01 IT. 41 0.1 (To 4) 1 I(T, 4)
6 3

ERYTHROCYTES (XiO /NI4 ) 6.76 . .08 6.94 L .16 6.79 :L .14 461? * .40 131

"HINZ OO0015 5 0.0 1 0.0 0.0 L 0.0 0.0 & 0.0 0.0 L 0.0

RITICULOCYTES, S .36 & .008 56 L .11 .S2 % .12 .19 & .03 13)

HNCATOCRIT9 VOL. S 4S.5 t .9 48.0 t .9 4S.5 £ .6 45.3 t 4.1 (3)

HNNOSLOSIN9 ONl. S 14.0 .3 1S.1 L .S 14.4 1 .1 14.1 1 1.1 (3)

RETHNEMOLOBIN, S .4 .4 0.4 .4 0.0 1 0.0 13.2 t 6.5d/

NCV. CUBIC MICRONS 67.3 a .8 69.3 t 1.4 67.1 a 1.4 T3.3 1 3.4 431

HCHN0 MICRO MICROONS. 21.9 a .3 21.0 a .4 21*3 S. .4 32.8 a .6 (3) I_

"NCHIC$ O S 32.S a .7 31.4 a .4 31.7 a .2 31.1 a .3 (3)

PLATELETS io S /llM 3 S1. 1 .7 7.2 & .7 5.9 1 .6 6.3 L .4

3 3
LEUKOCYTES (XIS /INN 10.0 a .5 12.4 a *1 11.5 a .8 11.3 t .9 (3)

NEUTROPHILS. S 14.5 a .9 16.5 1 1.9 I9.3 a 2.1 24.0 a. 2.51/

LYMPHOCYTES, % 64.S a .6 00.0 t 2.0 03.3 a 2.4 T4.3 a 1[8-11

SANDS. S 0.0 a 0.0 0.0 1 0.0 0.0 j 0.0 0.0 t 0.0

COSINOPHILS. • .8 , .1 1.S a .3 .8 a .5 1.3 a .0 1
BASOPHILS9 S 0.0 a 0.0 .0.0 a 0.0 0.0 1 0.0 0.0 a 0.0

NOWOCYTESt S .3 L .3 0.0 1 000 .0 a .3 S a *5

ATYPICAL. 6 0.0 a 0.0 0.0 a 0.0 0.0 t 0.0 0.0 a 0.0

NUCLEATED RIC) S 0.0 a 0.0 0.0 a 0.0 0.0 a 0.0 0.0 0.0*

GLUCOSE fFASTINS). NO S 111.3 a S.3 114.0 a# 6.6 123.5 1 3.7 116,3 a?.4

5601. IU/L 66.S a 3.A 67.0 a 5.9 S0.6 a 4. 800.3 a 3,S

$OPT@ IU/L 30.8 a 4.1 25.3 a 3.6 23.0 a 3.Q 32.3 a 3.9 1+

ALK. 014OS.9 IU/L 12 a 1 9 a 1 12 a 2 4 31

SUN. No S 14.0 a 1.? 15.3 a .9 12.S 1.0 16.0 a 2.3

INNUNOOLOULIN E. IU/ML 4513 a0 406 3163 t1006

ENTRIES ARE MEAN t STANDARD ERROR

.1 IipaU•cantly different fro, control rate by Duunett's aultiple comparison procedure. 1.
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""AaMORkY DA KU U tS Ah MININ OF IN FR 14IS NeORIS

ICON) CONTROL ¶.4 7RTPtATtD N-a NU4BER OF RATr

DOSE: % in feed 0 No 41 0.01 IT, 4) 0.1 iT. 41 IT, *o
6 3IERYTHROCYTES (XIO /MM % 7is .43 7.201 z ::4 70.60 't .19 7.:: t .21

HEINZ 8OO1tSe.0 0.0 0.0, 04,0 L C-.0 0.0 0 .0 0.0 0so,

EETItULOCYTESt S .45 OR .09 .,i . .11 tB I .86 ..0 s .IS

eEMATOCRIT. VOL. % 50.0 t P61 49.0 Z. 2.0 501 on 49.5 1.2

HEMOOLOSIN. ON. S 16,0 _0 .6 15.8 ± 815.6 .1 ;Sd ± .

METN[EOGLOSIN9 S 3.2 1. 1.9 .8 ± .. I : .s 1 5. ,/

MCV. CURIC MICRONS 70.2 • 1.9 b857 2. 6, 6787.1 1' 88.1 . ?.

N CMBv MICRO MICROGOS, 22.S .. 7 el2. 1.0 20.6 ?o.3 j.

MCHBCO GO % 32.0 a .1 32.2 z .4 31.0 & .2 306. "j/

PLATELETS (K10 /14M 4.A .3 5.1 1 *3 5.b .8 .
3 3

LEUKOCYTES (X10 /ON H 16.4 1 1.2 14.4 1 1.: .?.2 .6 18 6.Q a 3.2

heUTROPNILS. % 25.5 2.9 20.0 1 2.3 24.0 1 4.9 M1.3 6 8.0

LYMPHOCYTES* % ?2.8 6. 2.9 77.6 1 2.8 73.6 ± SA 73*Q '

SANDS. % .3 .1 0.0 • 0.0 0.0 "o0 0.0 a 0.0

EOSINOPHILS* % 1.S a .5 1.3 S .5 2.3 ± .1.S a .6

SASOPHILS. 1 0.0 1 0.0 0.0 a 0.0 0,0 0.0 0.0 0.0

MONOCYTES. O 0.0 t 0.0 .3 * .3 0.0 I l.0 .3 ± .3

SATYPICAL. # 0.0 ± 0.0 0.0 't 0.0 0.0 1 4.0 0.b'.••± "

NUCLEATED R9C. 1 0.0 1 0.0 0.0 _+ 0.0 r-, 0 0.0 0.0 • 0.0

ENTRIES ARE MEAN S STANDARD ERROR

[Sipdficontly different from control rats by Duuntt's multiple eaparison procedure.

[
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TAIL 31

LAWum tn uRATS £133ftlA h 01To 1*I Mr

ICON) CONTOOL (Tom) Torayrn 4 8 NUMBER Of RATS

D03E: 6 3nfe 0 (o 4) 0.01 IT. 41 0.1 (To a) I (T. ool

WSTHOM~YEI (*30 tot" 1 6.40 a, 34 6.62 a, .46 6.9s1 .12 6-411a .31
wIlEi gO•oies. 0.0 0.0 0.0 & 0.0 0.0 't 0.0 0.0 a 0.0

RETICULUCYYES* S .73 2, .13 (3) 1.23 . .44 .79 & .08 .68 a, -)-

AMATOCfOIT| VOL. 11 47.0 .4 46.3 &, 1* A6.i*? • 3. 41.6 ± 2

MEOOIG,411.21 a, .3 315.? a .7 34.0 & .1 34.0 a, .1
MCT4EMqOGLOGINs It .3 , .3 3.9 a.112.9 z 1.4% 34.s 3.01

MCVq CUBIC MICRONS ?2.8 P.S1 70.s a 3,3 67.? 1 .A 70.4 • 3•6

MCB 4COM!CROGMS1 . 23.6 A, . 23.1 a .6 21.2 *I*.
MCM.Ce GM # 32.4 3? .. 330 ± .7 31.1 & .6 30.3 a, .41 3
PLATELETS (XO /"M ) 4.2 �. .5 1.4 ,. S13 a •4JI 3.1 a .2

3 3
LEU00CYTES IX*3.0 iNN 13.? 2~ 13da .1 11.1 ,4 .1 0,7 1,30

NEUTROPWILS4 4 19.6 10 3.1 23.0 z 0.7 30.3 :t 11.6 26.0 * 1.0
LYMPHOCYTES% 1 77.1S t 2.3 76.0 t 9.7 67.S a IS.? 73.3 .*0

SANOS. % 0.0 l, 0.0 0.0 *, 0.0 .1 .3 0,0 a,0.0 i
EOSINOPNILS, S 2.3 a. . 1.0 a 0.0 2.0 a .2 .8 • .5 IBASO0ILS. 9 0.0 a O.C 0.0 1, 0.0 0.0 * 0.0 0.0 1 0.0
M..NOOCYTESO 0 .IS * 3 0.0 a 0.0 0.0 a ,.0 0.0 a 0.0
ATYPICALs • 0.0 a 0.0 0.0 a, 0.0 to0 1 0.0 0.0 a 0.0

NUCLEATrO PC. 9 0.0 a 0.0 0.0 a 0.0 0.0 1 0.0 0.0a, 0.0

E'411RIES ARE MEAN ± STANDARO EPROR
I/ tigulticvuly different frow ctrol rats by lDunett's multiple comparison procedure.

68
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LI TABLE 32

(CON) CONTROL IT*N) TPEATED N aNUMBF4 or' QaTS

DOSE: % in feed 0 (C. 4) 0.01 (Y. 4) 0.1 (TO 4; 1 (T.

ERYTHROCYTES (1110 /Mm 5-966 1 .41 (3) 6.15 S. '26 6.11 1 OPT SIso0 R .6

*IEINZ-OODIES. 1 0.0 _4 0.0 0.0 1, 0.0 0.0 t 0.0 0.0 0, 0.0

*L PTICULOCYTES* 1.1' ± .18 (3) 1.02 0 .37 1.78 1 .09 2.44 1.27

*(EMATOCRIT9 VOL. S 38.7 1 3.0 (3) 45.0 z .7 '4.0 i 2.7 39.8 3.4

HEMOGLOBIN9 GM* 1* 13.1 1 .9 (3) 14.6 Z .4 14.3 1 .0, 11.0 z 1'1

METHENOSLOSIN9 0.0 & 0.0 .3 1 .3 0.0 a 0.0 0..1 a 0.0

"C4CBCMCOS68.4 ! 4.0 (3) 73.5 1 2.8 71.9 ± 1.6 72.9 3.

"NEUTMIROPHILS. MS 2 30.0 a 1.3 (3) P31.0 a 1.1 23.4. a 15 22.u 07.

"vOC LYPOmY% S5 3 35.3 ± 6.1 (3) 62.5 a 2.3 32.0 30.95.2 .

3 3l

BANDS. 0.0 _- 0.0 0.0 1 0.0 0.0 1, 0.0 .3 a .3
EOSIMOP~hILS. 11.0 + 0.6 (3) .3 1. .3 1.0 0 .7 .3 a .3
SASOPHILS- % 0.0 1 0.0 0.0 _0 0.0 0.0 a 0. 0.0 0# 0.0

MOAIOCYTES. s 3.7±+ 1.9 (3) .3 1 .3-l .3 a o.3 0O0 0.01-
ATYPICAL, A 0.0 z 0.0 0.0 ± 0.0 0.0 a' 0.0 0.0 ~.0.0

NUCLEATED POC. % 0.0 :t 0.0 0.0 a. 0.0 0.0 a .0 0.0 a .0
GLUCOSE (PASTING). MNO 113.3 1 3.m 104.5 _0 10.9 79.3 a .~72.3 a3.11,

SORT. IU/L 24 1 6 25a 7 37 0 10 126SOT &~' 7~ a* 213a3 2 911

ALK. PHOS.. lU/L 1? _0 5 19 _# 4 25 a 7 63 a 121/

BON. MO 27.0 1 11.0 11.0 1. .4 16.0 1 1.6 19.8 1 2.3

IMWUNOGLOBULIN Es IU/ML 563 ± 113 563±1 113

_7ENTRIES ARE MEAN aSTANDARD ERRORa

m/ Sgniicatlydifferent P rum control ruts by Dunnett's Multiple compiarison procedure.
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TAULS 133[

IC.W) CONTROL IT*") TREATED N NUMIER OF RATS

DOSE$ 7. in food 0 (C. 4) 0.01 (7. 4) 0.1 IT,.~ () 41

INVYTROCYTILS Ma /04 1N 6.40 a. .21 5.77 a, .44 (3) 5.6 a, .42 .1 , .44 i
HEINZ 600115, 0.0 1. 0.0 0.0 a,0.0 0.0 a,0.0 0.0 a,0.6

RETICULOCYTES. .36 so$.0 1.07 a, .36 (3) .93 a, .04 1.64 :L *4~

ME0WAIOCRITo VOL. 11 '0.6 a, 01 40.0 a,2.1 (3) 37.3 1 2.4 43.0 a, 2.4

MEMOGLOGItd. GM% S 13.6 a.4. 13.2 a, .4 13) 12.3 a, .1 13.7 a, 1.0

MgEOLOI.50.0 1, 0.0 0.0 a,0.0 0.0 t, 0.0 .3 a, 3

"MCV9 CUBIC MICRONS 61.6 a. .4 69.5Sa 2.1 (3)51/ 71.1 ?, .W! 64.2 a, .6 A
M4CMI, MICRO MICRlOSNI. 20.9 &, .1 23.0 .7 (3) 23.6 A, ,8 .4 a, .2

MCISC. G0 6" 33.9 a, .2 33.0 a .1(3) 33.1 . .431.0 1. .k

PLATELETS (510 I'MM S.? a .6 4.3 a .2(3) 4.8 6 . 4*4 , -3
3 3

LEUROCYTES 1510IW PX 4.7 a, .6 9.2 1, ?.3 t3) 4.4 a, .8 .4 a, .f

NEUTROPHILSs 46.3 6, .? 67.7 t, 10.1 (3) 35.8 a, 6.A 43.5 a,2.6

L'VMP64OCYTESs 0 49.0 a,6.? 31.0 a,10.1 (3) 61.3 a, 4.6 55.5 a, .1

SANOS$ s 0.60a 0.0 0.0 a,0.0 0.0 a, 0.0 0.0 a,0.0 Ii
WOSINOPHILSo S 2.0 a, .6 .8a 2.0 A, to .5 es 5

BASOPtIILS. S 0.0 a, 0.0 0.0 a,0.0 0.0 a,0.0 0.0 a,0.0

MOWOCVTE!Kq 4 .6 . .3a .3 1.0a .4 Is, 5

ATYPICAL. S 0.0 x, 0.0 0.0 1, 0.0 0.0 a,0.0 0.0 a,0.0

NUCLEAYED RIC. S 0.0 a, 0.0 0.0 1, 0.0 0.0 t, 0.0 0.0 z Q00I

6LUCOSE (PASlINS), MS IR 116.00a 4.7 101.1 a 11.7 103.3 a, 1.7 109.6 a, 1.1 1
SOOT. 1011. 66a 7 76a 7 12fla, 46 A6a 4

5001, IU/L 39.3 S, .7 25.0 a, .3 34.5 ±12.5 36.3 a,3.9

4~K. RH4OS** IWPL 14 a, 3 17? 1 14 a, 17 a, 6

SJ UN. MO S 11.3 &, 1.1 13.8 a,1.7 11.0 a, .6 19.0 a,2.2-1

II4AuNOGLOOULN Es IUI'ML 850 a,272 663 a, 213 L
ENTRIES ARE MEAN & STANDARD ERROR

.1 igixiicantly different Iron control raite by Danoett's multiple cometialso procedure.
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ST.AILK34

L%.WTO•X MIA Op HALtAMIS, "•1 nSDI• OF TNMRG 12 WMIXS Aft ,MdO•ING TO MC0ovI 1`0 11050

(CvN) CONTROL (TN) TREATED N •NUMBER Or RATS

SDOSE I %o infed 0 ICo 4) 0.01 (To 3) 0.1 IT. 41 1 (To 4)

5 3

ERYTHROCYTES 4%2 /M14 ) 1.13 t .3 5 .17 6.08 1 .31 ?.31 t .9 (31

HEINZ BODIESo S 0.0 1 0.0 0.0 :L 0.0 0.0 1 0.0 0.0 1 0.0

RETICULOCYTES9 S .60 M16 -t8 .09 .40 9 .13 .30 4 .13 (3)

HEMATOCRITv VOL. •46.5 1.3 46.3 1 .T 45.0 1 1.0 4S.7 .9 (3)

AETMENODLOBIN9 N .4 .4 0.0 1 0.0 0.0 ± 0.0 0.0 ± 0.0

MOV9 CUBIC MICRONS 64.S 1.6 62.1 1 *7 63.? 1.5 62.6 1 1.4 (3)

ECMas MICRO S ICROPI S. 20.8 .6 0.0 .7 PC.? . 4 19.4 1 .4 (3)

ScSBco GM 1 32.3 t .6 320. 2 0.8 30.5 04. 31.0 1 .0 0)!PIATELETS (X10 /MM 5.1 1 .6 5.5 .4 6.3 .4 7.3 1 1.9 (3)

L MUKOCYTES (X10 9.5 ± .4 10.3 1.4 9.3 1 2.0 14.9 0 3.2 (3)

NEUTROPMILS9 % 25.0 1 3.2 19.3 1 2.3 30.5 1 4.8 25.5 2 .3

LYMPHOCYTES. S ?4.5 1 3.0 T9.T t 2.4 6T.8 t 4.4 ?3.3 Z .6

(•BANDS# % 0.0 z 0.0 060 1 0.0 0.0 :t 0.0 0.O 1 0.0

EOSINOPMILS- • 0.0 1 0.0 .T 1 .3 .s 1 .3 .3 1 .3

SBASOPHILSo S 0.0 0.0 0.0 1060°.0 1O 0.0 0.0 0.0

NONOCYTES# S .5 .3 .3 1, .3 1.3 1 .3 1.0 .?°

f ATYPICAL, S 0.0! 0.0 0.0 * 0.0 0.0 * 0.0 0.0 1 0.0

SNUCLEATED RBCs S 0.0 ± 0.0 .3 • .3 0.0 t 0.0 0.0 % 0.0

GLUCOSE (FASTING). NM Z 121.8 S 5.b 132.T ± 5.7 137.0 ± S.O 116.3 ± 6.3

S$OT. lUlL 57.0 ± 3.4 73.3 . 11.5 61.0 ± 15.8 60.3 ± 9.8

I SGPTo IV/L 27.0 ;L 1.0 34.0 X 4.6 51.5 13.1 44.8 9.9

ALK. P1OS.. IU/L 48 a a 34 1 7 46 7 7 36 4 4

SUN$ MO S 12.0 ± 1.2 13.3 1 .3 12.8 ± .3 14.3 ± 1.0

IMMUNOOLOSULIN E. IU/ML 2588 ; 679 1538 1 302

ENTRIES ARE MEAN t STANDARD ERROR

_ ! irdriicat•ny differeut from control rate by Dunnettas multiple comparison procdure.
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T#AIL 35

(CON)1 CONTROL (VON) TREATED N a alMSp ai al

DOS11 .i n feed 0 (Co 4) 0.01 IT. 4) 0.1 (1. ) 1 ITO 4i
6 3

QYTwuOcyTtS (XZIC /" I 5 ) ,Q .26 S.74 1. 13 6.20 .22 S,.06 1 .06

cINZ mcDIES 1 0.0 t, 0.0 0.0 1 0.0 0.0 0.0 0.0 4 0.0

RTICULOCYTIS, S 1.0, L .39 .76 L .19 .05 , .10 1.12 * .23 [
""ENATOCRITO VOL- 1 40.6 i 1.4 40.,5 1.0 41.0 ± ,k 3%,. s 1.0

,4ENOOLOSIN, ON* S 3* 1. 13.1 . 13.3 ± .? 12.6 s .
METHENOOLOBIN, S 0.0 t 0.0 0.0 0.0 0.0 1 0.0 0.0 0.0

MNCV CUOIC MICRONS 69.3 Z 3.1 ?0.6 1 .4 67.5 1 1.7 67.3 1 1.3

L, C"69 041CRO MXCROGMS. ?2.3 1 .9 22.9 1, .1 21.S 1 21.5± .7

MCIC M532.2 1 .5 12.S 1 .4 31.4 .3 31.9 ~. .4
5 3

PLATELETS XlO /N# ) 4.5 0 .7 S.7 L .? S.4 1 .2 7.9 1.6
3 3

LEUKOCYTES (XIO /N 5.9 4.0 .4 5.1 .3 .9

NEUTROPMILS, % 23.3 1 3.3 28.3 4.5 24.3 ± 4.6 ?9.3 3.0

LrYMPOCYTES. W ?S.3 2.9 71.4 4.a 75.0 1 .7 69.0 3.1

BANDS. I 0.0 * 0.0 0.0 0.0 0.0 ± 0.0 3.0 ± 0.0

EOSYNOP04ILSt 5 .5 ± .3 .5 1 .3 .5 ± 01 
1

.
3 k .9SBASOPHILS* % 0.0 ;L 0.0 0.00 0.0 0.0 1 0.0 0.0 0 .0

"N O N O C Y TE S % % 1 .0 1 .6 .3 * 3 . 3 0 .3 .5 :L .3

!•&TYPICAL* % 0.0 ;L 0.0 0.0 10.0 0.0 1 0.0 0.0 4 0.0

NUCLEATED RPBC % 0.0 1 0.0 0.0 1 0.0 0.0 ± 0.0 0.0 0.0

GLUCOSE fFASTING)o, MG S 122.S 1 6.? 128.0 L 3.9 129.% i SS 121.3 6 6.1

SGOT IU,'L as.@ L 13.0 63.3 ± 3.) 64.0 L 12.5 72.5 9.6

SGP?. IU/L 31.3 ± 5.2 27.0 1 1.4 27.0 1 2.1 32.3 • 3.9

ALK. PHOS.. IU/L 23 9 9 10, 3 13 t 3 14 2

GUN, NB S 14.0 1 '? 11.1 o 1.1 13.3 ± , 12.3 .6

|MMUNOGLOBULIN Et IU/ML 2500 1 513 917 1 260 (3)
ENTRIES ARE MEAN £ STANDARD ERROR

SI
SSiuificantly diffterent from control rate by Dusott'm multiple comparison procedure.
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Iw.O~.i2 gp."r gF)4 aTs AnnE FEDING Of THG FOR 24 %1OEM AND ALLoIIIG TO RECOVER 1`01t I ON1M

-(C.NI* CONTROL (T.N) TREATED N a NUMBER OF RATS

0 ( r~CoC 3) 0.01 (To 1) 0. 1 (To 3) I (To 31
4.9 t ~~j~ 1.33 4.74 t .154 .S*1 .29

NEWN *SOODS. s- 0.0 ±t 0.0 0.0 0.0 it 0.0 0.0 0.0

e g~~Cs 1 v 5.30 1 3.49 .56 2.31 i .S3 2.70 .93
1qv'1;TOC~it (A~. 36.3 1 6.3 3?7. 1 .7 38.T 2.0

NcAP4I9tGLftVNI $N. 11.6 1. 2.6 11.e6 1 1.3 12.2 .6

ga~T McnoGLosI. I ~ 0 1 0.0 0.0 0.0 ± 0.0 0.0 ±0.0

0 ICBCRCO 79.2 1 10.6 81.5 ±9.3 70.2 ± 1.6
'S 'I O MICRO MICROOMS. 25.1 ± 2.3 24.' .1 22.1 ± .1

"Iec OCNI SM 32.0 ± 1.3 .30.7 1 3.2 31.6 1 .8

PLATELETS (X10 /MM 2.6 A . 5.7 :t P1 4.2 ± .51-3 33
LEUKOCYTES (XIO /MM 6.5 1. 1.7 12.8 1 2.8 13.1 ±3.7

NEUTROPMILS. S 31.3 :L 3.3 18.0 28.0 1 3.6 57.7 1 13.4fr LY11PMOCYTES. % 68.3 1 3.0 80.0 71.3 z 3.? 42.0 t 13.3
vw L SAIDS,5 0.0 1 0.0 0*0 0.0 1 0.0 0.0 ± 0.0

I EOSINOP"ILS. .3 1 .3 2.0 .7 - .7 0.0 ~.0.0
B ASOPHILSo % 0.0 -- 0.0 0.0 0.0 1 0.0 0.0 ±0.0
MONOCYTES. % 0.0 0 .o 0.0 0.0 -* 0.0 .3 ± .3

SrATYPICAL# S 0.0 ±0.0 0o0 0.0 ± 0.0 0.0 ±0.0
rI NUCLEATED P8C. 1 28.7 ±28.7 0.0 0.0 :t 0.0 1.3 ~.1.3

GLUZ05E (FASTING)# MG 5 98.7 10t.9 '23.0 97.7 ± 16.9 74.3 ± 28.4

SGOT. I1l/I. 51 6 S9 61 1 1 661 1 721t .SGPT. IUlL 20 ~. 1 21 21 1 3 498 1 4,17

ALE. PHOS., *U/L 104 To7 27 57 o 17 104 Z 56

sug SUN %G 51*0C ± 1 A. 1 16.0 37.7 1 20.7 30.3 ±18.9
IMZMUNOGLOIULIN to IU/ML 3117 t1O97 600± 150

ENMEIS ARE MEAN _o STANDARD ERROR

a/ Signifigaaciy different from n.lntrui rats by Dunnett's multiple :cmpiurison procedure,
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6 -3

HEMATOCTITY VOL. SF 63NA.3 A . flZ 37.010* .71/ 36.0 2' I.Sl 36*0W TO ZOO/.E

ECMG.NIN CONTR. (114 TREA.6 N U489P R

MCV. CUBIC MICRONS 69. 2 .7 67.8 ±2.9 71.1 ± i.3 71.0 1 1.4

v LTEES X0 M 4.3 0 *.4, 0.51 S74 P~ 4. i .4

LEKCYE I1 MM So . . . R7.0 ± .5

NET IkIS 26.7 1 .±901 . 0 . 40.3 ±8.4

LYPHCYES 70.0 1 .4 6901 . 6. .1.3± 8.S

BANDS, 0.0 1 0.0 0.0 1 0.0 0.0 :L 0.0 .3 ±.3

EVIOPIS S 3.3 ± 1.7 .5 1 .1. 3.0 1 . 0.0 ± 0.0!'

GAOHLoS0.0 ± 0.0 0.0 ± h0.0 0.0 t 0.0 0.0a 1 0.0

MOOYE90.0 ± 0.0 1.3 o .*6 2.0 ± 1.0 0.0 1 0.0

TYIAo%0.0 10± 0 .0:: : 0:0 6. . 0.0± 0.

GUOE(FASTING). 0%6 S 113.7 1 19.2 07.3 i 10,6 111.3 ±16.3 92.ýj 1 4.2

SGT UL6S 1 7 3*5 ± 51) 63 ±7 1 I2 ± Z3

SGT UL20.7 Z 4.4 32.3 1 10.0 Z0.0 2.0 57.7 1 11.9

AL.POo UL22±: 4 54 1 14 53± 7 41'

su*0014.3 ± 1.9 12.5 f, .S 13c? I 1.? 23.3 t SO0

IM2.OOULNt IU.'NL 3517 ±1025 2067 6S05

ENTRIES ARE MEA4 ± STAN4DARD ERROR

alSignificantly different f roa control rate by Dunnott's multiple comparison procedure.
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TASLZ 40

BUNWRY OF Lk3ONS IO H&LE RIATS Ph TNG FOR 12 MOI

Does (% in feed): 0 0.01 0.1
Not No.: l n& 3 2o

Liver

Choloaulofibros is + 2
Foci or areas of hepatoceallular alteration 1 1 2 2 2 4
Neopleatic nodules 4

-1lovicie~lIst-ai a -!? o------- --- - - ---- -- -- -- -- -- --- ---. -. -x ------ ;
Sp len
"- pseLAiv.e fiUjntýatia- - 1 2 2 2
Kidney

--jucejev! -i-----tat io---- - - - - - ------------ ----- --- - - - - - - - - - - - - -- i

2+er Lesions

Pituitary Gland
Chromophobe adenowa x

Adrenal Gland
Cystic degeneration 1 2

Thyroid
Squamous metaplastic follicle
-.Thvroidiis .. . . 1

Trachea
Tracheitia 1 3 1 1 3

Lung
Peribtonchiolar cuffingas (CKP) 2 1 2 2 1 1 1 1 1 1
Abscess 1
Heart failure cells 2

Hear7t
Focal myocardit•s 1 1 1 1 1 2 1 1 1 1
Myncardial fibrn,:is 1
Valvular Insuffi,.iency with cardiac

di-atat-on 2
Liver

Zile du-t prdliferation 2 1 1 1 1 1
Portal inflamation 1 1 1 1 1
Focal necrosia ] 1 3

Epididyfis
Interstitial inflamtion 1 1

-- -p-thelial vacuoli-at-on 1 -
Prostate

I7per..oth - 1 1Pancross

AcLuar atrophy 1 1 1 1
•a~et fibrosis 1 1 1

Lymph Node
Hemosiderosia 1 1 1 1
Sauorrhaje -

Intestine
Parasiltim 1 1 1

Kidney
Focal tubular nephrosis 1 1 1 1 1 1
Pyelitis 1
Perivascular cuffing* 1 1 11

-Chronic jr£rega~v• nekhrosis 3 2

Eye
Synachia 1
Meibomian _land hyoarpaesa 1

gone aarrow
M/z ratio 1.0 1.3 1.0 1.1 1.2 1.3 1.1 1.0 1.0 1.1 1.5 1.4 1.1 1.0

Tissues not listed were normal.
a/ Severity of lesions: 1 - mild; 2 - moderate; 3 - marked; 4 - severe; + - questionable; 0 - tissue missing or unreadable;

X - present.
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TABLE 42

SUMMARY OF LESIONS IN MALE RTS, ED TNG OR 12 RONTS AND ALLED ,o RECOVER FOR 1 MONTH

Dose (% in feed): 0 0.01 0.1

Rat No.: 30 306 307 8 31133 35.16 321 322 323 4 329 30 1 32

Treatment-Related Lesions /

Liver

Cholangiofibrosis 4 3 4 4

Areas or foci of hepatocell-

ular alteration 1 1 1 1 2 1 1 1 2 3 2

- Ne2 plasticnc 'ules 1 1 2

Spleen

_xcessive Pigmentation - 1 3 3 3

Kidney
Excessive 1izmentation

Other Lesions

Adrenal Gland
C -yt - -d---neraion 1

Thyroid

Netaplastic follicle 1 1

Trachea

Tracheitis 1 1 2 3

Heart

Focal 0yccarditis 1 1 1 1 1

Lung
Chronic murine pnumonia 1 3 1 .2 1 1 2 1 1 1 1 1 1 1

Liver

Bile duct hyperplasia 1 2 1 1 1 1 1 1

Granuloma X

Liver necrosis 1

Portal inflammation 1

-att1 cShalnpe,
Testis

Interstitial cell tumor . . . . . . . . . . .. . . . . . . . . . . . . . .. . . .X

Epididymis
_ Epithelial vacuolization 1 1 1

Pancreas

Focal acinar atrophy I 1 1 1

Calcification I

Intestine

Parasitism 1 1 1

k Lyrphoid_hyperplasa - 1
Kidney

Perivascular cuffs 1 1 1 1 1 1 1

Chronic progressive

nephrosis 2 2

Tubular nephrosis 1 1

Skin
_pfidermal inclusion ys .t

Eye
- Calcification of cornea 1

Brain

- -s-r-cztoma-.- X
Bone Marro%, S,.iesr

N/E ratio 1.9 0.9 1.3 1.3 1.0 0.9 1.0 0.9 1.0 1.3 1.1 1.5 1.8 _1.4 ý .

Tissues not listed were normal.
s/ Severity of lesions: 1 - mild; 2 - noderate; 3 - marked; 4 = severe; • = questionable; 0 " tissue

missing or unreadable- X preseat.
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r F TABLE 431

SWOIARY OF LESIONS IN FEMALI RATS FED TNG FOR 12 MONTHS AND ALLOWED TO RECOV FOR I MONTH

Dose (% in feed): 0 0. O _O_. 0.1 1
Rat No.: 355 36 357 8 4 35 366 1 3 373 374 ILO 138 1 U2

Treatment-Related Lesion- 79
Liver

Cholangiofibrosis 4 4 3 4
Areas or foci of hepato-

cellular alteration 1 1 2 2 2 3
- e mplsasctc nodules - - 2_

Spleen

Kidney•.:.Excessive Film tnttion1 2
ExesveZzatain---------------------------- --------------------------

Other Lesions

Pituitary
S£hro0_ ob~e _adenoqa x i:

Adreka 1 Gland

- .yptjc. dgj n ration 2 2 2 1 1 - - -1 -_3 2 1 2 -

Thyroid
itrtplast:: ic follicle_ - -"

Trachea
Trceti_ - - -1

Heart

-osals ayvc.arL is--- 1 1 1 1 1 -
Lung

Chronic murine pneumonia 1 1 I 1 1 1 1 1 1 1 1 1 1 1 10
Focal emphysema I

-- Ljoidgrnuloma _
Liver

Bile duct typerplssa 1 1 1 1 1 1 1i
Liver necrosis 1 1
Portal infflammation 1 1 1 1

- s_.tq• hae_n - L 2- - ----

Spleen ,
Extramedu 1llary..t am top-----------------------------------------------------------

Ovary L

2v•ri.e_ _.. ...
Uterus11 I11
_ .Ind~omer•,_i

Pancteas
Focal acinar atrophy

- ooga raarlCtkitj - -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-
Salivary Gland

Focal mononuclear cell
S-infiltra ion 1

Stomach

Etopic pancreatic tissue
_ Clcit-_ - --t on - -
Intes tine

Parasitism 1
- Lyphoid hzpjrplasia 1 1 1 1 . .
Kidney

Perivascular cuffs 1 1 1
Tubular nephroais I 1 1
Microscopic calcinosia 1 1 1 1 1 1 1
Peripyalitis 1 2 1

U;"inary Bladder
Mononuclear cell foci 1

Omentum
- Eo~reasn b~odv Sjanu loma•

Eye 1
Calcification of periocular

musc-e 1
Brain

Bone Narrow Smear

-/LRaio .. L 1.0... 1. 1. 0. 1 .0 12 1.3-O9- 1.5 1.2 1.0 1.20. .

Tissues not listed were normal.
I/ Severity of lesions:. 1 - mild; 2 - moderate; 3 - marked; 4 - severe; , - questionable; 0 - tissue missing

or unreadable; X - present,
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Live

Are". orf tot of hofpatemoll~ula
oltewottow, I I I I I I 1 2

- ~oo1119A.t1iw.----------------------------- --------- --------------- I

dommin Cloud

Cortica adeosmowto I 1

-ejp x volesmoa s~~jajdf---------------------------------- ------ I -L -- -- - -- -

C call bmphslolo1
Pollimtlaor g hei mmist ademons x

Lun
CKTOIC offeeaothPG rpW oot 1 1 1 1 1 1 3 1 1 1 2 11

" aowtol. eo sintiu onibo 12 1 1 1 1 1KM MI IMPO :- 1 1 3 1 3 1 2 ------- ------- --- ----

Liver

Asia"

- btereodu1a1.. emop oteals~ I A~

Atoh n odst ifth of

"Ly phi hprpoto 0I
Pros. g ou.o g I -

i~I~£P~-------------------------------------I1 -- - -- - --
InC~ott0

Lympbowstottaor tumor x

latst
!,ri ser IleIdI

Chr~omic smile~ m1~apkeak,3 1 1 31a rjw1m 1 21 1

- LA' ------------------------------..................

j/ Saoi lyI otP211A -lo--ot--...: -- I - -id - - -dwoo - -rod - - -oo. - - -~et~o e - - - 1ou - ton o- - - - -- -- - -

Ri
83ZI'alikiet _ _ _ _ _ _ _ _ _ ------ ------ ---- ------



MIRY

1pituttary

Areas or fact of Isetakeelluiar
alteration 2 2 2 1 1

Nacplastio nodules x

"Amairy Glead K
pibroadeeema x x x I x I x K

COther L yesion s i II I

S ~ ~ Arei C tll adnocKKm

C t 1atc I I 1 1oa

"atrtalifato

T01lhnliett~ais
cystic degeneration
Focal haepaocellular degenerationo 2 1 2 1 3 1 1 1

Ht roaraftulcin K

ft, E. cell hypeiplasis

Ovary
Overton cystIx xx

Uterus -i

Lymph lode
Lymphoreticular tumor K
lyhold-hyftralsela - - -1

Dilated crypt@ I I I I I

Paaits I
Mir acutII I I

- -aiIe -eih la -as5 -K --
AbSkinaC'iy

toiiao % a---- lal----.--------.-----..-..--.--.--.--..-.-_---- - - - -- --- --- -- --- --- - -

[ . Skeletal ?%steti

Tissues u.t listed were norfal.
I/ Savrsity of lesionst I w ild; 2 soidatateI 3 mateked; 4 mosver*; + questionable; 0 *tissue miecina or unreadable: Y preaoot.
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"TABLE 50

lit SULiHABY Or LsitOKs IN MALE COETOI.iLOI•_A.ING AT UNSCNEUIJLEO TIMES

';it 11,: 403 017 *04 007 029 017 028 002 001 010 016 003 010 005 019 (1OlI8 MI

. W,,'k of lk'ath: 46 60 74 74 75 78R 4 89 95 95 5 _ 9 97 97 10 101

Trrntsct-f eth.kiotcjd, ,kD÷

Pituitary 0

Ari,- QI (iii if lie atot'ell il .it Er.,t inn ] I ] I

__ ___- I- - ,-- -

6'r Other '.esionn

Adrenal psn 0
Cystic drenaeration 1 1 1

- -Pheochrosctoa . . . . . ...... . -
Thyroild Eland

,C '.:i1 hyperplunla I '

I col] adcnon+i . S

IY.lI clar epithbclus ad,-maos
Squamous metaplastic follicle

!' - H~~lv~erplaulu- rfporathyroid ........... ...................-..... .... 2 ......

Trache,
TrncheiLti 1 3 1 3 2 4 1 1

Lung
CChronic rrine pneumonia 1 1 1 1 2 1 1 1 1 I

Elrenchopneumonia 3 3SPumice lunji 2 - - 3

Henrt
Myocardial deseneration/fibrosts I I I I I 1 I 2

Blood Vessels

fSimple hile duct lhyperplusia I i I I 1 1 1 -

Sp- i I 1lfl o u- tin 3 i 1 1 1 1 1 1 1
Cystic deReneration 1 0

" TeisngiectauIs a

S- He---o-el-ular-de-n-r-tion .-va-uol-ationl + - 2 -1 1 -

Spleen

Entrasedullary hematopoiseis 1 3
R.E. cell hyperplasia 2 1

Lymphoid deplerion 1 I

•. TestisDegeneration o: esisnifernus tubules 3 1 -

-Atlrophy . .. .. . . . ------- --
P roltate
_ _ r•roz Ll la _ _ _ _i_. _.. ._..._._._ _._.._.._ _.I. .-.-. - -. .-.- -.-.-.-.-.. -. - -.-. - -.-. . -.-_ - -. . -.- -.-. - -. --.. -. - -. -. - -. - .

Ii ~Seminal Vexilee "

At rophy I

SPancreas 0 0
tPstisteritie nodons 2

SL•h Node 0 0

Lpmphoid depletion I
iLm- .phdoenittis Se_os1-nophIjý) - - - - ------ - -

Salty_ I tl on Rf - - -t- - -.-.-. .-.-.-. - -.-.-. - -. - .- .- . .-.-.-.---.-.-.- -.--.-.- -.-.-.-. .-.-.-. - - --] . . .- - " -0Ine0t 0

Parasitism (pin worm Infestation) I

EPeritonitis (e--sinophilic) -- 4- - - -
rMeentery

Perarctcrlttl nodosa -
i.. Kidney

Chronic senile nephropathy 1 4 1 3 3 4 1 2 I 4 4 4 3

Hydronephrousl 1 1 I

Tubular nephrosi' 1

fyrl.njphrit--. --.-.--.-----------.. - ----.-.-------.-.-.-.------------------------------------ ------

Subnta.nenus .e.enchymal tuaor I S

_ p- thalil_tmor - - - -h r - --
Brain

Irin --

iHypocellulirity of bone marrow 2

sndnetei I _~atj~ idct~w --- -----------------
Prnolifsrstion _of.a d s e a. . . . . . . . . . . . . . . . . . . . . . . . . l - _! . .

Keratitia - - 1

Tiseuts not listed were normal.

ml Severity of lesions: 1 w mild; 2 - moderate; 3 - marked; 4 - severe; + - questionable; 0 - tissue misming or unreadable; X e prenent. __
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TAILS 51

SUI4AKY OF LSIO-M IN FUALI COML MATS D0ING AT tI2NB'IgDSJJD TINES

Rat No.! 451 059 071 076 057 075 062 077 066 074 055 079 080 078 052 o51 ofi9
Week of Death: 36 70 78 81 al 3 895 8a on 96 96 _7 97 98 99 99 103
Treat ment - -e, te Le- -on-- -

Pituitary 0
Chromo~hobe adnOma IX X X X K X C 0 5 0 2 X 0

Liver
Areau or foci of hepjtocellulur alteration -1 1 - -

spleen

Mamea ry Gland

Fibroadenoma X X X X x
Adenoea X x

Ade.no carcinova-crci . - - - - --non x K-

ther l..lons

Adrena1 Q;lad0

CystLc degeneration 2 2 3 3 1 3 3 3 2 2 3 2 1 3 2

Cortical tumor X
_C•.lc.lf cat ion . . . . . . . . . . . . . . . . . . .

Thyroid Gland 0 0

C cell hyperple.e1 1
C cell edenoxm

c 11a.
- pe•eplsafaia o- p-arth yroid 1

Trachea
Tr tcheitis . . . . . . . . . . . . . . . . . . . . . 2 1 1

Lun5
Chronic murine pneumonia I 1 1 1 1 1 1

i4etastatic tumor x
Pumice Iuna ...... 1

Heart

- vocar dl ldeeneration/f ibriasts 1 - - - -

Blood Vessels
Calcjfjication jureic) 1 - ...............

Liver
Simple bile duct hyperplasia 3 1 1 1 1 1 1 1 1 1

Portal inflammattion 1 1 1
Focal necrosis 1 1

_ _Hepatocellula~r deJenerati~on &vacuolization) 1 1 2 1 1 2 2 1 1 2

Spleen

- - -t amed - -l l-a - -y _h _e a - -po e- - - 3 1 - - -

()vary

Ovarian cyst x x X X X x

AbschnsattOn J- 4-
Uterus

Endomat rttl 2 1 1.. . . .. . . . . 1-ýn, awcj,•, --0 - -
Pancrvas 0

Focal aciner atrophy 4
Islet ceo l hyperplasia -- 1 1 - _ 1 - -

Stomach
Dilated ccypts1
Cal ifIcstion 1
Ulcerat ion 1l-!!ol . . . . . . . . . . . . ...E l -- - - -]- --------------------------

Kidney
Chronic senile Oephropothy 1
Micro..lculi I 1 1 1 1
Tubular nephrosio 2
Foci of mononuclear cell. 1 1 1
Care lnoue S

Subcutaneous mesenchymal tumor x

grain
Aostrcc~toma . . . . . . . . . . . . . .- . . . . . ....

Rib
Hypercellulacity of hone marrom

Proliferation of .ndoste_ - __

lyearatitis 1
Abdominal Cavity

Tissues not listed were normal.
.1 Severity of lesionns 1 * udi 2 N odsraiel 3 mairkedl 6A several + questionable, 0 a tissue %iteing or unreadablej X present.
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+ Ii.

St3~Y 0?L1~ N PLE*B "T F 0,011 TNo An Wiyr At UNCHOu6zMI
Rat |t.. N. Jmq I M Al LU W

Week of Deth: 40 0 39 70 o 0 S301 s 6 5 166 as 19 96 96 96 96 99 99 9 10

TreatsntSalo~tod LasagiP/ 'U '

Pituitary
. hroeolh~kt . , +nd .n . .. .. . .. .. . . Kt. . . X_ !- x _ -- x x •. s _;_ _ _x _ K_ _

Ar".A or foci of hepatocellullr
- _ 1 ul-e t -lon . . . . . . . . . . . . . . . . . . . . . . . I I - -. - -. - - -

-xmsls R.€ i Vn L a Ii n - - -I _- - -- -
Kidney
_ lezei7J R-ithalielint - _ I - - -

Haeery Gland
ttbroadenoai x x x x x x;

Adenoma x K I
_ din 2 ce•g~ier.~tin0m-.............. ,_X ....

Other JAplons

Adranel Gland

Cystic degeneration 2 1 3 1 1 2 3 3 2 3 3 2 2 1 3 4 2 i

Thyroid Gland 0 ; 0

Trachea

_ .Ire thei ri-. - 3 1 - - - - - - - ......
I~n -J I

Heart

- -- -d-°----- - -. -.--- -- ------------------------------ --

Liver
Stlmpimtle ducthyperplalia 1l 1 1 1 1 1 1 1 1 2
Pofirptall bnfladmeat Lyne pa ! 1

Focal necroait 1 1

T. |nsiecta ie

HepatocelluLar degeneration

(vacuolisatlon) 2 2 I 1 1 3
- a . t.

Spleen
Extrowmdullary hematopoicit. 1 2 4. 3 2 1 2 2 2 3

Ovary 0

2vaetian LyEt . . . . . . . . . . . . . . . . . . . . . . ..I- - _ - - - - - - - -

Uiterus

polyp x

bdometriii I I I I 1 1 I

Pancreae
Pocil gainer atrophy I

, .e* t je lbhpjrlls. ---------------- -- - - ---- 1 1 1 - - 1 -

1,yph Node
!- - -Jhot~ .uPe~~c a --- - -------------- ----

11hymul
- -----.p~g1e~------ -------- -- - - - - - - - - - - - - - - - - - - - - -

Stomch

Di.l aed cr 1 pte .... . - --
Intestine I

!a~ai~amjI~- - - - - -t-o-) - -1 1 - -, Kidney
Aypopla ia x

Chronic senile naphfopethy IJ
-Hydronephroest 1

Hicrocalculi 1 1 1 1 I 1 1 1
Tubular naphroael 3

Urinary Bladdev

SFocil of mnloc@ar calle I

-- -~ -- -- -- -- -- -- -- ------ ---------- -- - -- -- --
Sh11n I I

Rib
- -I~~ll1%i -fjn ej ----- -------------- -------------- ------------------------- ------- - - - - - - - 1- --1 ----

PTLLU. .not h.ated warc. normal.
p. Severity of daioian: 1 - mild; 2 - moderile; 3 - irked; 4 a sevezre 0 a tiCsui mi ls•i m or could not LI read; Y, present.

A P
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RotSUMMARY Of 1.13 ONS IN1.9 NADATS PEP 0. 11 THO AnD DYING AT itUNSCNib kO LINES

Weko ett4. M 7 6 60e -!2 9. 3 93! 95 97 .99 99q 101

LIhkophche adeosea __ __ __ x x A x x

Areas or foci ef hepatocellular alteration 1I 1 1 2

-~~~~~~~ -lrt~o!v. -acnm -.. . . . . . - - - --.- - - -

ITrat t t l altuo
I1j.ww.rv Gland

Adrenal Gland 0

"lItvitary Gland 0
of cAl-ifitation - I

Thyroid Glaned0
Follicular opith*elu lamdenomo

Trachea 0

Chroolc outhine pneumnia 4 1 1 1 1 1 11

M'yocardial degeneretion/fibrosie I I I 1 I I
Liver
.
1
ioipl bile duct hyperplasia 1 1 1 1 1 2 3 2 1 2
Portal Inflamation 1 I I

CyaclIc de%*.era1inn 1 -

rHelatocellular degeneration (vouc-lizatinn) 1 4

latrauev~lulary hematopoissia 3

Attokhy f aems~linfarous tubules 4

Atopthy 1 1
FIpitholoalvacuoollation- _ I__ I - - - - - - -

Pr.ntat. G 0
Irostat It i

Atcophy1C

Panceas0 0
Potal alartrophy11

Islet cail hyparpasiaI
Foci ! mononuclea cell.

Lyench Noe0

Calcolfication 3
-C -lc eratio n - - - - - - - - - - - - - -- - - - - - - - - - - - - -1 - - - - - - - - - - - - - -
Intest'ne 0

r Kidnov
Chrounlo waoLle nephropathy 2 4 1 1 3 1
Foci of monocuclear cells 1 1 1

UrinarX !ledder-----------------------------------------

Subcutaeousu memenhymal tumor
Opidermel ilusion c~yst x

- PSdcbeiAcal el tumor
grain

Ribh 0 0

Hdestinumjcj1tuo

S/ teeity of , eeiongi 1 m ild; 2 -moderate; 3 smokedi 4 *severe; + queetionablet 0 t issue missing or unreadablet
X1 present,
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TAILS 5

IILAU.ZflE M 2I AUi&M U M IL M-l An VYING AT U1ISC1IBWDULDTM

I

Kil 21'.l 244 211 201 244 21? 24, 210 2ts 216 I14 244 % 11I ?JI y JI Vl /NK

Lt Di aM .1N 1 I SI U s 4 45 Fil Aim -A N Rq M 9 14 9" 4-0 9, I

1+ 2

c'''llr~it .in t clii md .I.tmo1]~limie
1  I

Itl~ltl tirc II

CIvirc or litthpl +tlllr• ltiiol I" 2 2 I I I I

i t a ,m r ; • l y p l i mP l l n l i l a . . . . . m l.. . .I . . . . . . . . . . . . . . .- .- - - I --

Fibroadonam x -X

[ titian+ L• auonu

Adrenal Cet; 1ln2d2!
•vsttic degeneraltion 3 m 1 m 2 2 1 1 2 1
t'hhochmimovyhma------------------------------------------------------------------------ - --.----- - -.. . .... ... ...

Thyr•oid flod 0 i i iI
C -•11 hypt.rrla.•lt , A

L cci mP rrai - - -- -- - - - - - - - - --

TtI lc'lc$•
1 ructe! tiO .. . . . . . . . . . . I . . .

Lung

Chroncminejm -ona- 1- 1 - 1 1 1 - -- -
Heart

- - y-c- -rdiL d . .n t o ib oi . . . . . . . - - --
Liver

Sitmple bile ducc ihyperplahia 1 1 1 I

portal inf at ion I 1 1 1 I 1 1

Cytcie degenera tion 2

Hoptorell•iaT legeineration (vacuolieation) 1 1 1 2 1 I k

F War In , Yy t x x

rtiorllnym -

l'nd -ir ritin I I

llZted lumn .3
Pancreac
Focal ie'vn Itrophy i

Islet nell hyperplaiat i I I I
- Foc~io_ nfmonon~uclear celial. . .. . .. .... .

lymvph Hode

Stomaeh

Dilated tripte i

Intl latme

Pai-r i c iam (j lnw or Antfe ta llt ti -l - - - - .- . . . . .. . . . .. . .I - -. . . . . . . . .. . . . . . . . . . . . . . .. .

Kidne-

Mlcrocau u 1 ' 1 1 1 1 1 1 1 i

Tuttlar nephroiml 3 1

Foci of mononuclear tulle 1 1 1

_yr -.-.-----------------------.---------- -- -- - --------- -- - -- -• -.- - -- - -

Urinary N'adder

•F•ci of ifnonmm-l.ar cells 1

Brain 0 .

Rib

-ytaeltu.larity of bone moiroe

Tisesue not listed atep normal.

at Severity of lemionet I - mild: 2 moderate; I * mocked; 4 * •.varel ± - qunettmoualel; I . tisaue clueing or unreadable: X a preococ.

It Died In aecond week of rLcovelry after mbeing fed TNG tot U4 conths.
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L TAILS 56

SWV.1 2? LasionS INI 6Arh ?IN 111SJj! T1SN&PTJNKS

P Trwatmont-5el.ted Lostonsal

bI'lltarY 0 0

b-mttt t A 4 4 ii 1 _

"Neoplastic ouaxA x x

K 'alsiv 1v"14.1 -1 - 1 1 2 1 - 2 - 2

Khridney wo

ribromentrntspmea 1

Iv-er nLecroe

Ch.ni muyperpleeuma t 1q
Lyophol dptic mol 1

Wnatrdial ofeoiolferaton/fibobule 2

Stol bi*dc 2ep~t

hemanalVstelco% 0 0

Naitymphoma xo

Liraeukem la (raowloctopo) K

Dionlatidckpt I fo iie~u -uue . -. - - ---

K..didneyi i Ctrophy se1.nyrpah

Cy~stat 0 S

SeminaVeil00

Talsetgunat listedonce noxl

8/ Sevteui of -ei~ ------1 - -ud 2 - -oeae - - -okd - -see- ------± - -aeinbo -- -im -isn -r -sede
Intestieet.9

Me , tgnant tymph*ma



TABLE 571

VOU-TISG RELATED TUMORS IN RATS FM TNG FOR 24 MONTHS
OR DYING AT UIICIDULID T1?4S

Dose (I in feed): 0 0,01 0.1 1
Sox, ?%Le Sex:l-4 Male '4aM. Female Male e Female

Tumoraat/

Adrenal Gland ,-
Cortical adenoma 1 1

rherochroWoC..y0 -- 5 1 4 4 -4 2 - - -"
iThyroid Gland I

C cell adenoma 1 2 2 1 1 3 2 1
folA .. uar_ejithjli odenmo - 1 - - , 1 2

Lung
Metastatic nodule 1 1
Hemangioaarcosi 1

1 ronchoepnic carci-oma ! - - -

Hemantionarcoom3

Testis
Seminoma 1Pancreas|

Acinar cell tumor 1 I
Islet cell tumor I 1LZy;ph Ndode

Thymus Gland

Multiple Sites
Hmto letic cell tuwors 4 _ 3 _ _I.

Stomach I
- Papilloma I

Kidney
Adenoma 1
Adenocarcinoma 1

_ Carcinoma 1
Bladder

Payilloma-carcinoma
Skin

Epithelial tumor 2 2 1 1 2

Subcutaneous mseanchvmal tumor 3 1 4 .... 2 - 1_- 1 - 2 . 2
Brain

_ AsIr•cytome- I -1Body Cavities

Lipoma 2
_ esenchymal cell tumor -"

a/ Number of rats with the tumor.
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TABLE 61

RERPROUCTIVE WFR~O, jNE OF EM GX hO IN FE
AN-DMA jED WITH UNTREATD MALES

~.TNG in Fefid

00.01 01.0U

Mated! 21 21 20 22Sperm posittve-/ 17 11 15 20

Pr~grnant 15 6/ 9 12 19
Maternal weight day 0 349 +6- 343 + 9 346 ± 8 264 + 4
Corrected weight changeft' 47 -t 6 63 + 3 40 ± 7 25 ; 4A/
Liver weight .5.7 + 0.5 16.4 + 0.8 15.7 + 0.7 18.2 ± 0.0

Rel~c4ve to corrected wet/ 4.0 + 0.1 4,0 + 0.2 3.8 + 0.4 6.3 + 0.2-

Implanct/dam 11.6 + 1.1 13,7 ± 1, 11.0 + 1.2 12.8 + 0.7
Viable fetuses l894 84+5 9/ 93+
Dead fetuses (%)Al& 0 0 0 0Early remorptiona 10 + 4 9 + 3 6 1

Late resorption. (%) 1.3 + 0.9 7.6 + 3.8 0.6 + 0.6 t.3 + 1.8
Daea with complete resorption@ 0 0 0 0

Live litters 15 9 12 19•a~u~ee/do 10.4 ± 1.2 11.6 + 1.5 10,2 + 1.3 11.8 + 0.7
Ml tT43 + 3 48 + 6 53 + 46 + 4FetsL weight (8) 2.77 ± 0.26 3.20 ; 0.18 3.25 ± 0.09 2.81 ±; 0.08

Soft TiLsuv Anmalies
Diaph'agatic hernia 0 0 0 3.7 + 1.7

Skeletal AnomaliesRyoid bone - h/ •Unoesified (2 + 4 + 3 .4 + 3 29 + 7-

3 -3 6 + 5 0 + C 19 + 5h/

Sternebra

Unossified (7.) 78 + 8 65 + 14 71 4, 11 87 + 5 s

./ Exposed to females.
b/ Sperm found in the vaginal smear.

m/ Mean or mean ± atandard err6r.

d/ $ignificantly different from control (Dunnett's multiple comparison procedure). F

e_./ Dam body weight (day 20 - day 0) - uterine weight oi day 20.
f/ Gram of liver/l10# % corrected body weight (day 0 weight + corrected weight changrý),
j/ Mean + S.E. of the percent of fetuses with the indicated characteristic calculated on a

per litter basis.
h/ Significantly different from control (p dc 0.05, two-sample rank test).
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TABLE 62

CHF.OMOSOMES DERIVED FROMC RATS FED TNG FOR 24 MONTHS

Dose Tissue Number Chromosome Frequen• Tettaploids
(%o in feed) Cultured of Rats !ý40 41 42 43 a44 per 100 cells

0 Bone marrow 4 1 2 45 1 1 0.62 + 0.3a/

0 iJdney 5 6 4 38 1 1 0.80 + 0.30

1 Bone marrow 6 1 2 44 2 1 0.66 + 0.17

1 Kidney 6 4 4 40 1 1 0.48 + 0.21

a/ Mean + standard error.
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TABLE 63

MORPHOLOGICAL ABERRATT)NS OF CHROMOSOMES
DERIVED FROM RATS FED TNG FOR 24 MONTHS I

Dose Tissue Number Chromatid Breaks and Translocations Total Aberrations
in feed) Cultured of Rats Gaps per 50 cells per 50 cells per 50 cells

0 Bone marrow 4 0.6 + O.4A/ 0.0 0.6 + 0.4
0 Kidney 5 1.6 + 0.5 0.0 1.6 + 0.5

1 Bone marrow 6 1.4 + 0.3 0.0 1.4 + 0.3
1 Kidney 6 2.9 + 0.7 0.1 + 0.1 3.0 + 0.7

a/ Mean + standard error.
V~Hi
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TABLE 64

REPRODUCTIVE PERFOIRMANCE OF MALES FED TNG FOR THE

DOMINANT LETHAL MUTATION STUDY

Dose (% in feed): 0 0.01 0.1 1

Males

Mated- b/ 80 10 10

Fertile- 9 8 10 8

Females

Recept ve£/ 25 25 22 24

Mated- 17 15 19 17

Pregnant 17 14 17 15

Complete Resorptions 1 0 2 0

Corpora lutea/dam 15.0 + 0.7t' 13.8 + 0.8 13.5 + 0.8 16.1 + 0.5

Total implants/dam 12.4 + 1.0 12.1 + 0.8 11.9 + 1.1 14.1 + 0.7

Viable implants/dam 11.4 + 1.0 11.2 + 1.0 10.8 + 1.3 13.0 + 1.0

Indexes
Fertility- 100 (80-100) 93 (68-100) 89 (67-99) 88 (64-99)

Gestation&/ 94 (71-100) 100 (77-100) 88 (64-99) 100 (78-100)
Implantationh/ 81_+ 5 89 + 5 85 + 6 88 + 4

Implant viability- 87 + 6 90 + 5 81 + 8 92 + 5

a/ Exposed to females.

b/ Evidence of conception found in at least one female.

c/ Proestrous females progressing into estrous overnight.

d/ Sperm found in vaginal smear.

e/ Mean + standard error.

f/ Confirmed pregnancies/plug positive females x 100 (95% confidence limits).

g/ Pregnancies with viable embryos/confirmed pregnancies x 100 (95% confi-

dence limits).

h/ Implants/corpora lutea x 100. Mean + standard error.

i/ Viable embryos/implants x 100. Mean + standard error.
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TABLE 65

DISTIBUTION AND EXCRETION OF RADIOACTIVITY IN RATS 24 HR AFTER
ORAL ADMINISTRATION OF TNG-l,3- 1 4 C FOLLOWING 3 MONTHS OF TNG IN FEED

% of Administered Dose
Controls 1% TNG in Feed

Males Females Males Females

G.I. Tract Plus Contents 4.5 + 1.5-c/ 4.6 + 0.2 4.3 + 1.3 3.7 + 0.5
Feces 29.3 + 4.8 7.1 + 4.6 17.5 + 5.0 22.8 + 1.3
Air 21.2 + 1.7 32.5 + 5.2 18.6 + 1.4 25.6 + 3.4
Urine 14.0 + 3.9 29.8 + 6.7 31.7 + 10.4 28.0 + 10.5
Blooda/ 1.2 + 0.2 1.0 + 0.2 0.9 + 0.1 1.1 + 0.1
Spleen <0.1 <0.1 <0.1 0.1 + 0.0
Liver 5.5 + 0.7 5.8 + 1.1 5.8 + 0.4 6.5 + 1.1
Kidney 0.3 + 0.0 0.4 + 0.1 0.4 + 0.0 0.4 + 0.1
Brain 0.1 + 0.0 0.1 + 0.0 0.1 + 0.0 0.1 + 0.0
Lungs 0.1 + 0.0 0.2 + 0.1 0.1 + 0.0 0.1 _ 0.1
Muscleb/ 4.0 + 0.7 4.8 + 1.2 5.1 + 0.8 4.7 + 0.3
Gonads 0.1 + 0.0 <0.1 0.2 + 0.0 <0.1
Recovery 80.3 + 1.6 86.4 + 9.4 84.7 + 4.5 94.1 + 11.5
a/ B o
a/ Based on 7% of body weight.
b/ Based on 40% of body weight.

c/ Mean + standard error of three rats.
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TABLE 
66

URINARY METABOLITES OF TNG 24 HR ArTER ORAL ADMINISTRATION
OF TNG-1,3- 1 4 C FOLLOWING 3 MONTHS OF TNG IN FEED

% of Urinary Radioactivity
Controls 1% TNG in Feed

Males Females Males Females

TNG 0.0 + O.0V/ 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0
1,3-DNG 0.3 + 0.1 0.2 + 0.0 0.2 + 0.0 0.2 + 0.1
1,2-DNG 0.4 + 0.1 0.2 + 0.0 0.2 + 0.0 0.2 + 0.1
MNGS 14.4 + 1.1 21.2 + 1.4 1,2.8 + 1.9 22.0 + 4.1
1,3-DNG-glucuronides 8.1 + 1.0 10.5 + 1.8 12.5 + 1.9 10.1 -.- 2.9
1,2-DNG-glucuronides 26.7 + 3.2 24.9 + 3.4 30.9 + 3.6 23.1 + 6.8
MNG-glucoronides 10.1 + 0.7 5.8 + 0.8 6.8 + 0.7 4.9 + 0,4
Glycerin 17.4 + 2.2 14.9 + 5.9 17.1 + 2.7 22.0 + 4.7
Othersa/

Rf 0.0 19.8 + 1.3 20.2 + 1.9 19.4 + 0.7 17.4 + 1.5
Rf 0.6 2.7, + 0.8 2.1 + 1.2 <0.1 0.1 + 0.1

a/ Unidentified polar components with r-butauol:acetic acid:water (50:10:40,
v/v/v) solvent system.

b/ Mean + standard error of three rats.
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TABLE 67

DISTRIBUTION AND EXCRETIO. OF PADIOACTIVITY 1IN PATS 24 HR AFTER L,
ORAL ADMINISTRATION OF TNG-1,3-14C FOLLOWING 12 MONTHS OF TNC IN FEED

. X~ of AdministeredDose •

Controls % TNG in Feed

Males Females Males Females

G.I. Tract Plus Contents 6.5 + 1.0S/ 5.4 + 0.9 9.1 + 5.6 6.0 + 3.2
Feces 17.3 + 9.8 17.1 + 6.1 17.5 + 5.4 12.5 + 5.2
Urine 36.1 + 9.2 26.4 + 12.9 42.3 + 4.5 39.2 + 6.9
Expired Air 18.1 + 3.7 28.2 + 1.9 14.4 + 1.9 26.6 + 6.7

Blood!/ 2.8 + 0.4 1.6 + 0.3 1.4 + 0.1 4.7 + 1.7
Spleen 0.3 + 0.2 0.1 + 0.0 <0.1 0.1 + 0.0
Liver 7.5 + 7.3 6.0 + 0.4 6.1 + 1.5 9.4 + 1.9
Kidneys 0.6 + 0.0 0.5 + 0.1 0.4 + 0.1 0.5 + 0.1
Brain 0.1 + 0.0 0.2 + 0.0 0.1 + 0.0 0.4 + 0.3
Lungs 0.2 + 0.0 0.2 + 0.0 0.1 + 0.0 0.2 + 0.1
Muscleb/ 12.2 + 3.9 5.3 + C.7 4.5 + 0.6 5.8 + 3.7
Gonads 0.2 + 0.0 <0.1 0.2 + 0.0 <0.1
Recovery 101.8 + 5.4 91.0 + 5.4 94.8 + 6.7 105.5 + 11.6

a/ Based o. 7% of "ody weight.
b/ Baspi or. 40% of body weight.
c_ Hean + standard error of three rats.
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L., TAtBLE 68

* URINARY METABOLITES OF TNG 24 HR AFTER ORAL ADMINISTRATION OF

TNG-173-IC FOLLOW-INC, 12 MONTHS OF TNG IN FEED

2 of Urinary Radioactivity

Controls 1% TNG in Feed

Males Feales Males Femalese

TNG 0.1 + 0.1_/ 0.7 + 0.7 0.4 + 0.2 0.2 + 0.1
1,3-DNG 13.2 + 11.7 0.3 + 0.1 0.5 + 0.2 0.4 + 0.1

1,2-DNG 1.2 + 0.3 0.3 + 0.1 0.6 + 0.4 0.8 + 0.5
MNGs 14.2 + 0.8 21.6 + 5.5 10.0 + 1.1 14.9 + 1.9

1,3-DNG-glucuronides 6.6 + 0.2 6.0 + 1.4 17.5 + 0.4 9.5 + 2.4
1,2-DNG-glucuronides 18.4 + 3.2 17.7 + 4.8 27.4 + 4.5 24.5 + 2.8

GMN-glucuronides 10.9 + 2.1 6.9 + 0.9 11.4 + 2.9 9.2 + 1.0

SUnidentified 26.3 + 8.0 34.5 + 3.7 24.2 + 2.8 29.5 + 0.6

a/ Mean + standard error of three rats.
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rABLE 69

DISTRIBUTION AtND ,ECREIION OF RADIOACTIVITY IN. RATS 24 MR ArM I
, AD4INISTRATION OF TG-1,•3-14C

FOLLOWING 24 NONTHS OF TNO IN FRED

X of Administered Dose
Controls 12 TNG in Feed

Males Females Males Freales

G.I. Tract Plus Contents 1. ]-/ 4.1 + 0. A/ 4.3 + 0.6 3.4 + 0.4
Feces 15.0 4.8 + 1.4 15.9 + 1.3 14.0 + 4.4 I
Urine 26.0 36.4 + 5.0 41.1 ± 4.0 41.2 + 8.2
Expired Air 26.1 24.1 + 3.2 20.7 + 4.5 34.5 + 4.0
•Blood-/ 3.3 3.0 + 1.0 1.6 +0 .1 1.1 + 0.1
Spleen 0.1 <0.1 <0.1 0.1 + 0.1
Liver 5.8 7.0 + 1.0 7.7 + 0.5 7.6 + 1.0
Kidney 2.0 0.6 + 0.2 0.6 + 0.1 0.4 + 0.0
Brain 0.2 0.1 + 0.0 <0.1 0.1 + 0.0
Lungs 0.2 0.6 + 0.2 0.2 + 0.1 0.1 + 0.0 1
Muscle;-- 8.8 7.4 + 1.5 6.9 + 0.8 6.0 + 1.0
Gonads 0.2 <0.1 0.1 + 0.0 < 0.1
Recovery 88.8 88.7 + 4.8 99.5 + 5.6 108.4 + 8.2 [
a/ Based on 7% of body weight.

b/Based on 402 of body weight.
c/ Data from one rat.

d_/Mean + standard error of three rat-e.

L1 1
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TABLE 70

OF f4G-1.3-14C POLLC 24 -MS oF ThG IN FEm

. 7, of Urinary Radioactiv tv

Control$ Hig D2e(

TNG O. A/ 0.2 0 o.ik/ 0.6 - 0.3 40.1
1,3-DNG 1.4 2.6 = 2.2 6.2 * 4.9 0.3 ± 0.1
1,2-DNG 1.6 6.3 ± 4.6 8.0 * 6.1 0.5 ± 0.2
MNGa 9.7 8.4 ± 0.9 14.5 * 3.1 17.6 ± 2.2
1,3-DNG-Slucuronides 8.5 8.6 • 2.4 10.9 * 5.3 7.4 ± 1.3
1,2-DNG-glucuronides 8.9 19.3 * 5.8 13.5 * 6.6 16.2 ± 1.7
MNG-Slucuronides 19.1 16.9 ± 3.9 21.1 ± 2.6 10.9 ± 5.2
Glycerin 15.0 15.2 ± 5.0 14.9 4 4.0 16.4 * 1.6
Unidentified 36.0 22.4 ± 2.4 11.5 ± 6.1 30.5 * 1.5

jIone rat.1'/ m.an.* standard error of three rats.
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t V. MOUSE STUDIES

The results and interpretation of various studies in mice are des-
cribed below.

A. Observations and Toxic Signs

There were few untoward events among the mice. The usual fights
among the males were controlled by keeping the aggressive mice in separate
cages. By month 5, most of the high-dose mice had tannish, matted fur in-
dicating a lack of normal grooming. This continued to the end of the study.

Unscheduled deaths among males and females are shown in Figures
16 and 17, respectively. Many of these mice, like the first one, control
male No. 80-142, died in the night without premonitionary signs. The tis-
sues were lost to autolysis, which occurs much more rapidly in mice than
in larger animals. Cannibalization by cage mates also destroyed tissues
before we could do our histopathological analysis.

Although there were usually a few more deaths in the high-dose

group than in any of the others, the differences among groups were small.
More significant was the pronounced sex difference in survival: females
had a 2- or 3-month longer life span, as seen by the tinme at which half
the mice died. As a result of this, very few males (and no high-dose males)

* were alive at the end of the 24th month.

During months 19 and 20, there was a small epidemic of a derma-
tosis. The etiology was uncertain, but a fungus was probable. Cases were
scattered among the cages, not concentrated in a few, so individual resis-
tance was a significant factor. The victims (or their cage mates) would
scratch at the lesion, sometimes producing a large, ulcerated wound requir-
ing euthanasia. Generally, isolation and chemotherapy produced a rapid
cure. We used Tab-eze® (Haver-Lockhart Laboratories, Shawnee, Kansas), a
shotgun formulation containing colloidal sulfur, mercaptobenzothiazole,
tannic acid and hexylresorcinol in a soothing ointment base for treatment
of local dermatitis.

B. Body Weights

Body weights of male and female mice fed TNG are shown in Figures
18 and 19, respectively. Control mice gained weight quickly, then oscillated
around 46 g for males or 38 g for females after 6 months. After 16 months,
there was a downward trend in the body weights of the surviving males. The
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relatively large oscillations in the later months were related to individual
mice losing weight shortly before death.

Body weights of male and female mice fed the low (0.01% TNG in
feed) or middle (0.1% TNG) dose were similar to those of the control mice.
Parts of the curves were omitted to improve clarity of the graph. Usually,
the control males and low-dose females were the heaviest groups in their
sexes.

Mice fed the high dose (1% TNG) lost weight during the first week
or two. Thereafter, they gained weight. However, they were consistently
lighter than the other groups with average weights oscillating around 40 g
for males and 32 g for females, about 6 g below the control mice.

C. Feed Consumption and Compound Intake

Average feed consumption, as summarized in Table 71, was generally

lower in the high-dose mice, although this was not statistically significant.
There were month-to-month variations.

The monthly and overall average intakes of TNG are shown in Figure
20 and summarized in Table 71. There were some fluctuations from the means.
The TNG intakes during the entire study averaged 11.10, 114.6 and 1022 mg/kg/
day for the low-, middle-, and high-dose males, respectively; and averaged
9.72, 96.4 and 1058 mg/kg/day for the low-, middle- and high-dose females.
The differences between the males and females at the respective dose levels
are not statistically different. j

D. Laboratory Data

Laboratory data from mice killed at unscheduled times are shown0
in Table 72. Although the values were not consistent, the high-dose (1%

TNG in feed) mice usually had anemia with reticulocytosis and often had
Heinz bodies. The small amounts of methemoglobin present in some mice

might be artifacts inherent in the method.

Laboratory data from male and female mice fed TNG for 1.2 months
are shown in Tables 73 and 74. The results were similar to those seen In un-
scheduled mice. In addition, the erythropoietic system in the high-dose mice
had compensated for the toxic hemolysis implied by the presence of Heinz bod-
ies. One control mouse, No. 80-204, had the worst anemia (5.49 x 106 erythro-
cytes per mm3) and the highest reticulocyte count (7,81% of erythrocytes), f
BUN (59 mg %) and SGPT (80 I.U./liter) of all mice studied at that time.

L .. 122



Laboratory data from mice fed TNG for 24 months are shown in Tables
75 and 76. There were only a few male survivors. Some males were so vexing
that they died the night before the necropsy. In the females, effects were
seen in both middle (0.1% TNG) and high-dose mice. The worst aremias were

middle-dose females Nos. 82-623 (2.75 x 106 erythrocytes per mm ) and No.

82-64C (3.86 x 106); No. 82-623 also had the extreme reticulocytosis (14.89%).

Both these two females had marked poikilocytosis, anisccytosis and polychrom-
sia. Since Nc. 82-623 had no Heinz bodies, while No. 82-640 had only 0.36%,
it is likely that this anemia was a covsequence of old age rather than TNG.

While the high-dose mice had milder anemi& (4.00-5.82 x 106 erythrocyces per
mm3 ) and mild reticulocytosis (1.28-4.28%), all bad Heinz bodies (1.37-2,88%
of erythrocytes). We conclude that the high-dose anemia was a TNC-induced
toxic effect.

Laboratory data from mice fed TNG for 12 or 24 months and allowed
to recover for 1 month are shown in Tables 77 through 79. No males survived

after 24 months. The anemia with sequelae which occuired tn some high-dose
mice fed TNG for 12 or 24 months was not seer. in these mice after they were
allowed to recover for 1 month. One of the geriatric control mice (No. 80-
211) had profound anemia (3.46 x 10 6 erythrocytes per mm3 ) and reticulocytosis
(24.20%) with marked polychromasia and many target cells (Table 79).

H -E. Pathology

Data are included for 22 male and 37 female control mice, 32 and

ii 37 low-dose mice, 18 and 30 middle-dose mice and 15 and 24 high-dose mice.
Data are missing because of autolysis, cannibalism, etc.

"1. Feeding for 12 Months

a. Organ Weights

Average organ weights of mice fed TNG for 12 months are given
in Table 80. Unscheduled deaths, some as late as the night before necropsy,

decreased the intended numbers of mice iu some groups. The only toxicolo-

A gically important finding was the decreased total body weight of the high-
dose females. More subtle effects might have been obscured by individual

variations within groups. For instance, control females Nos. 80-201 and

80-204 had enlarged livers weighing 2.04 g and 4.31 g, respectively, and

massively enlarged spleens weigbing 1.45 g and 1.32 g, respectively.L
The findings in mice allowed to recover for 1 month are simi-

lar (Table 81). Although the total body weight of high-dose females was

not decreased significantly, the relative brain weight was significantly in-

creased.
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b. Tissue LesionsII
The lesions in mice fed TNG for 12 mor.ths are summarized in

Tables 82 and 83. There were pigmentation and a hepatocellular dysplasia
in most high-dose mice and a few others. The pigmentation was red to brown'
(often golden-brown) intracellular granules in the liver, spleen, and/or kid-
ney. This pigment could be differentiated from normal hemosiderin deposits
by its weak Prussian blue reaction, indicating low iron content. Hepato-
cellular dysplasia was characterized by polyploldy, inclusion bodies, or I
both, in the hepatocytes. Both lesions were related to TNG feeding. In
addition, a variety of spontaneous lesions were seen in all mice. Most
striking was the widespread presence of amyloid deposits, especially in
the intestine and kidney. This amyloidosis is indicative of changes in
old age.

If the mice were allowed to recover for 1 month after the II
12 months' feeding, the lesions were similar (see Tables 84 and 85). In
addition, the high-dose males had eomewhat more severe hepatocellular
dysplasia.

2. Feeding for 24 Months Including Unscheduled Deaths

a. Man Weights

r The organ weights from mice fed TNG for 24 months are shown
in Table 86. There were no apparent changes in various organ weights. Or-
gan weights in mice allowed to recover for I month (Table 87) are similar.
Only females survived for this period. The ovary weight for one of two con-
trol mice (No. 80-221) was 11.40 g, 26% of total body weight, due to the
presence of cystic ovaries.

b. Tissue Lesions

Lesions from mice fed TNG for 24 months are summarized in Tables
88 through 91. Lesions from mice dying at unscheduled times are summarized
in Tables 92 through 97. The only effect apparently related to the TNG treat-
ment was the incidence of deposits of a granular pigment, usually golden-brown,

most commonly seen in the liver. This pigmentation occurred in most high-
dose and some middle-dose mice. This hemosiderin-like pigment is presumably [1
derived from hemoglobin degradation products. The minimal liver dysplasia
seen after 12 months was now seen in all groups of mice. Lesions from mice
allowed to recover for 1 month are summarized in Table 98. Pigmentation oc-
curred in the liver and/or ovary of both high-dose females. No male mice sur-
vived during this period.

12
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A large variety of spontaneous lesions were seen in these ger-
iatric mice (Tables 88 through 98). The most common lesion was amyloid de-
posits in various visceral organs. In some cases, this was so widespread
that it was merely referred to As "generalired amyloidosis." Other common
lesions include a variety of minor, non-specific degenerative lesions, of-
ten labelled "aging changes." Some of the ovarian cysts, including that of

No. 80-211, were actually hemorrhagic cysts outside the ovary, in the bursa
ovarica, the peritoneal fossa in which the ovary lies. The occasions] inci-
dence of tumors is suummarized in Table 99. None of these tumors is related
to the TNG treatment.

F. Discussion

Although the mice consumed more TNG per unit body weight than the
rats, they were less affected. The only toxicologically important effect
was methemoglobinemia. This was seen in the high-dose mice only. This•!II•methemoglobinemia produced a toxic anemia, reflected by the presence of
Heinz bodies in the blood and heme-derived pigment deposits in various or-

Sans, especially the liver. However, this anemia was mild and compensated
for by the reserve capacity of the hematopoietic system; that is, its pree-
ence was inferred from the presence of reticulocytosis.

One other effect, a speeding up of the normal degenerative aging
nil changes in the liver cells, as implied by the increased incidence of mini-

mal hepatic dysplasia in high-dose mice killed a'ter 12 months feeding, butSnot after 24 months feeding, may have occurred, However, the small numbers

of animals killed efter 12 months, and the mild, arguable presence of the le-

sions, make this effect questionable. Because no dose-related liver path-
ology (other than the granular pigment) was persistently seen in high-dose
mice fed TNG for more than 12 months, we conclude that this liver effect
was not real.

[ IG. Conclusions

The low dose, with a TNG intake of about 11.1 mg/kg/day in males
and 9.7 mg/kg/day in females, and the middle dose, with intakes of 115 and
96 mg/kg/day, respectively, were not toxic to mice. The high dose, about
1020 and 1060 mg/kg/day TNG intake for the males and females, respectively,
was toxic. This dose produced lower feed consumption and weight gain, be-
havioral effects, and methemoglobinemia. The methemoglobinemia had sequelae
including Heinz bodies, compensated anemia and pigment deposits.
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TABLE 73

LAOIATOR DATA OF M~ALE NICE AFTflt PUDING TWC FOR 12 MONTHS

(CoN) C0NTPOL (r.N) TREATED) N *NUMAER nF MICE

Do!;! (2 IN FEED): (I CC. 3) 0.01 (T. 4) 0.1 (T. 1) 11.4)

LrPYTsivfCYTEý rKX /M Im 1 7.S7 .?A 7.1? .31 8.11 . 35 7.6~3 .?

MlIXZ SOD-LS, 0.00 0.00 0.00 ~.0.00 .06 .006 2.41 ~.,A,2
j OTICULOCYYES. 9 .4~ .11 1.74 ~. .62.04 .40l P.70~ .6

14CMA70CRIT. VOL. % 43.0 ±. l. (2) 41.3 1.4 46Q± . 4. ?.9*

HEMOGL0PJN. GM4. 96 13.5 1. .4 13.(' lft. .31 j.* 3 4.2 ± .2

'IETHEMOOLDRN1N 9, 0.0 -- 0.e'0 .4 2.3 * .- A /.0 &

tMCI, CUBIC MICRONS 55.? 1. .7 (2) 6;h.(- I..? S7.0 1.6 S9.8 ± 1.4

MCNH. MICRO MICROGN6. 17.0 IS.?1.? 1 .4 16..1 44. 1A.71 .6

MCNUC. am f n2.0 z. .3 (P) 31.6 . 1. .4 31.3 ± .6

PLATELETS CEIO /mo 2.7 ±. .7 4.6 ~ Q 3.? P. . ( 2) l. .t
3 3IiLEtIKOCYTES (110 Imm C 6.6 ; 1.4 2. 4. 2:: 6. o 6

NEtITROONILS. 30.0 1, 2oc 18.3 :L 1.7 29.3 t 4..7 21.8 t 4.1

LYMPHNOCYTES- ý 69.0 ?.A 0.80 .3 2. 710.0 7. ((.4

BANS*PI 1. S0.0 1) 0.0 0.0 ±0.0 0.0 ± C.ft 0.0 0 ..C

4ATYPHICL. $ 0.0 1. 0.0 0.0 ± 0.0 0.0 1 0.0 0.0 ± 0.0C

NUCLEATED URC. 'A 0.0 noo 0.0 0.0 0.0 0.0 0.0 0. ± 0.

SOP?. Itl/L 21. (1)3 22.1W 3A0:0 S 42.0l 2.6 (3)
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TABLE 74

LABORATORY DATA OF ThALE MICE AFTER FEEDING TKG TOR 12 LOW7HS

(C.N) CONTR(JL (T.N) IRFATFf1 N a NUMSEQ Or urIF?

DOSE (Z IN FR): 0 (c, 41 0.01 (T. 4) 0.1 (T. 4) I (T. 4)

ERYTHROCYTES (XIO /10 .A 7.39 t *66 7.5? t .74 7.29 ±. .1 7.38 ± .32

IVE=ZU BODIES, 0.00 t 0.00 0.00 -* 0.00 0.00 ± 0.00 .93 .12!/

RETICULOCYTES. S 3.13 t 1.57 1.22 :t .6 2.1p . .43 2.49 ± .3A

EHMATOCRIT. VOL. • 42.3 t P.7 43.3 I 1.0 43.3 .*7 (3) 43.5 ± .6

HEMOGLORIN. Gm. I 13.6 1. 1.1 14.0 • .• 13.9 ± .3 13.5 ± .5

METHEMOGLORIN. S 0.0 1. 0.0 0.0 • 0.0 0.n ! 0.0 .3 ± .3 'l

MCV. CURIC MICRONS 57.7 t 2.1 57.6 t .7 59.A t 1.1 (3) 59.1 ± 2.0

MCH8. MICRO MICROGMS. 18.5 ± .2 1.6 (, .3 19.0 . .1 18.3 t .1

MCHsC. G" B 32.2 A .0 32.3 t .S 31.9 ± .5 (3)- 30.9 ± .9
5 3

PLATELETS (Xlfl /IP 3.0 (1) 3.2 t .9 (3) 3.• (1) 6.3 1 2.1 (?)
3 3

LELUOCYTES (XI0 /W61 6.3 2 2.3 1.9 ± .t 4.' 1.. 3.2 ± .6

WELITROPHILS. % 16.7 t 1.3 (3) 16.8 t ?.1 26.0 t 7.0 14.0 :t 2.0

LYPOH40CYTES. % 79.7 3.3 (3) 82.3 t . .7 73.3 6.Q 85.5 S 2.2

BANDS. 9 0.0 o o.' 0.0 A 0.0 0.0 • 0.0 0.0 • 0.0

EOSINOPNILSo S 2.8 1. 1.7 1.0 ~ '. ~0.0 ±0.0 TT
BASOP'4ILS, t 0.0 t, 0.0 0.0 o 0.0 0.0 0.0 0.0 t 0.0 IL

4? : ONOCYTES. % 0.0 t. 0.0 0.0 0.0 .3 o 3 .3 ± .3

ATYPtCAL. 9, 0.0 1. 0.0 0.0 ± 0.0 0.0 0.0 0.0 1 0.0
NUCLEATED ROC. B 0.0 #_ 0.0 0.0 0.0 0.0 • 0.0 0.0 t 0.0

SGPTv lU/L 38.3 1. 14.? 31.0 1 2.1 29.7 ± 3. (3) 37.5 ± 4.7

SUN, MoG 35.3 S A A.1 26.5 ± 2.3 22." .7 (3) 27.0 1.81

ENIEE AFFa R ERROR
*1SIGNIICA1VY D ERf RMCONRMOL M(ICE MY MM1IETT'S NJLTIT'LE CC)NPAXI19(m !IvUCV74R.
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TABLE 76

L-A3OATORY DATA OF P3(AL NICE APTD 19MING TPG FOR 24 MONTHS

lCCN) CONTROL (TvN) TREATED N u NUMBER 0 NOICE

DOSE (Z IN FEED): 0 (Co 4) 0.0!. (T, 41 0.1 (T, 4) 1 (T. 41
6 3 I

ERYTNAOCYTES (iIO /ON 1 6.30 S. .30 6.02 :L .60 4.49 1 .77 9.29 1 .43

HiINz $0019s, s 090 L 0.0 0.0 1 41.0 .1 o *1 1.9 L .41/

REY.CULOCYTES. 9 1.34 ;L .31 2.43 , .22 8.50 L2.51 t .66

"NCNATOCRIT. VOL. S 36.8 1 2.1 35.6 t 3.7 30.8 ± 4.3 37.3 1 1.o

KZ1O0LOIWo GN. S 12.9 , .8 12.2 ;L 1.2 10.7 -4 1.4 12.9, .9
.4ETH#EOGLOBIN9 S 0.0 1 0.0 0.0 t 0.0 .9 t .9 1.6 1 .0

""CV, CUBIC MICRONS 90.3 t 1.0 S9.3 1 2.5 70.5 1 7.2 72.6 1 9.3

MCHOO MICRO NICROONS. 20.4 • .5 20.3 t .' 24.8 1 2.? 25.1 ± 3.1

NCNBCV ON a 35.3 1 34.? .5 35.2 1 .6 34.7 1 .3
5 3

PLATELLTS (X10 /"M 3 3.7 g. 4.7 b .6 t3) 4.7 1 .5 4.3 1 .1 (3)
3 

H

LZUKGCYTES (XCl 1WI - 2.S± .6 3.6 .7 3.8 z 1.9 1.7 1 .4

NEUTROPHILS, S 45.3 5.9 32.8 L S.8 44.5 1 10.2 29.0 ± 5.9

LYMPHOCYES9, % S4.3 5 i.8 6S.5 ± 5.2 5-.s x 10.4 60.8 ± 5.2

BANDS. S 0.0 . 0.0 0.0 ± 0.0 0.0 1 0.0 0.0 A 0.0

SEOSINOPHILSP S .8± .5 .8± . .8 .8 1.S5 .6

BASOPHILS9 0.0 • 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

NONOCYTESs 1 0S0 p 00 1.0 ..6 43 t .3 .8 ± .8

ATYPICAL. 1 0.0 z. 0.0 0.0 1 0.0 0.0 1 0.0 0.0 ± 0.0 jj
NUCLEATED RBCv 1 0.0 � 0.0 0.0 t 0.0 0.0 ± 0.0 0.0 0.0 .0

SOT. IUIlL 148 • 19 IS6 ± 60 139 19 95 1 30 t3)

SBPT. IU/L 43.8 ± 3.8 02.5 t 50.2 30.S 1 6.6 39.3 ± 11.3 (3,

BUN, NM 1 32.5 6.2 24.S . 5.6 15.8 1 4.2 23.3 4.9 (3)

ENTRIES ARE MEAN I STANDARD ERROR
/ SIGOIFICAN•T.Y DUIFFEENT FROML CONTROL MICE BT DUNNmTT'S MULTIPLE CO(PARISON PROCEME. L
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I TABLE 77

.AWOATOr¥Y o'ATA or HALE MICE AFTER FEWINC 111 FOR 12 MONThS
AND ALLOWING TO RECOVFER FoR 1 MONTH

(C.N) CONT1a0L (T.N) T4EATED N 2 NUMAIFN OF M1CF

DOSE (2 IN 1FEE): 0 (C. 3) 0.01 (T. 4) 0.1 (T. 4) 1 (1. A)
6 3

ERYT.*OCYTES CXIO /Mm 1 7.91 ~. .45 8.14 1. .01 7.4.0 t .73 7.93 t. .?Q (3)

HEINZ BODIES, 10.00 ~.0.00 0.00 1. 0.00 0.00 t 0.00 .20 t .12

R [ IETICULOCYTES. .Q3 .r 1.09 .16 1.13 1 .14 i.21 1. .1 (13)

HEMATOCRIT, VOL. 4 ,4.7 t. 2.6 40..R t . 42.P 1.? 45.0 1.? (3))HEMUGLORIN9 GM. 512.1 (1) 14.7 .1 13.2 ± ~14.3 ± .7 (3)

METMEMOGLORIN. • 0.0 ± 0.0 .7 ±. .7 0.0 t U.0 0.0 _ 0.0

MCV. CUBIC MICRONS 56.5 .4 57.4 . .6 57.7 1 .-' S7.% '; .9 03)

MCHS. MICRO MICROCGMS. 16.q 1) 18.n ± .1 17.8 .. ) 18.2 .3 (3)

MCHHC. GM 5 30.3 (1) 31.4 * .1 30.' A .i•4 1."p ±. 1.0 _-aI5 3
"PLAYCLETS 1tin /M. ( 7.9 4 .6 5.5 ". 7.0 ± .t R.3 2 2.1

SLEUKOCYTES (X1• /Mm 1 3.: 4.n .:7 3.N 1 .• 3.7 . . 31

m• EUT•O~aHIL$. % 27.3 •_q.? 49.5•" 3.n 32P.3 =b.7 ?3.0 5.1 ~

""I LYMPHOCYTES. % 45.3 .. 21.6 50.0 7 ?.4 6b.5 6.? 73.8 5.3

BANOS. I 0.0 _ 0.0 0.0 ± 0.0 0.0 ± 0.0 .5 ± .5

EUSINOPHILS. W 27.3 2 27.3 .r L .3 1.3 1 .6 2.8 ± 1.1

BASOPHILS. % 0.0 'O. 0.0 ± 0.0 0.0 ± 0.0 0.0 ±, 0.0

MONOCYTU'.o % 0.0 . 0.0 0 .0 0.0 0 .A 0.0 . .0

Al TYPICAL,. 1; 0.0 " .0 0.0 1, 0.0 0.0 t 0.(p 0.0 0.0

NUCLFLTED "AC. 5C 0.0 L P.0 0.0 ± 0.0 0.0 t 0.0 0.0 . 0.0

S G P 1 , I U / L 2 4 ,. 3 " . P , 3 1 . 0 1 . ? ? 9 . P • 4.. 4. " . 0 t 2 . ' ( '1 -

R RUN. MC - 28.7 2.4 ?8.3 ± 2.9 30.5 ! 4.1 2?.0 t .6 (3)

ENTwIES ARE MFAN ,'TA4OARD ER4ROA
a/ SIGNIFICANTLY DIFFERENT FRCM CONTROL MICE BY DUNNETT'S MIILTIPLE COMPARISON PROCEDURE.

.[
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"TABLE 78

LAIRIATORY DATA 07 IUW.E MCIE APTU MEUIS NO G FOR 12 NORMES

AN ALLOW~ING TO MEOMI M0 I MOM1
(CN) CONTROL (T.N) TPEATED N N tUMBER OF MICF

DOSE (2 IN FRE): 0 (C. 41 0.01 (T. 4) 0.1 (T. 31 1 (T. 41
6 3

LRYTI4HOCYTES (XIO /Mm ?.42 ±_ .34 7.S? • .46 7.00 2. 7?.25 .1p

UIRZ WNDIES, 2 .02 1. .0p 0.00 2_ 0.00 0.00 1 0.00 .0s _ .0s L
RETICULOCYIES9 S .97 t. .23 1.04 t nS 100 t .52 1.o1 ± .38

"MEMATOCRIT. VOL. V6 42.8 1, 2.6 43.3 1, 1.7 42.7 2 1.6 44.0 _. .7

HEMOGLOBIN& GM. S 13.4 1 .6 13.5 1 .9 13.5 2. .6 14.1 ± "1-'4

METHNEOGLOSIN. S 0.0 t' 0.0 0.0 1. 0.0 0.0 . 0.0 0.0 t 0.0" CV% CUBIlC MICRONS 57.5 t 1.4 S7.3 t 1.3 61.0 1_ A• 60.7 ! .3/|

MCNN: MICRO MICROGNS. 16.1 t .1 17.9 1 .2 19.2 --. a- 19.s .3-8

MCHBC. sm S 31.S 1, .6 31.2 . .9 31.6 2. .6 32.2 * .4
5 3

PLATELETS (XIO /MI S.8 t. A 6.6 t.,; S.9 _ P.G S.4 1.2 (3)3 3

LEUKOCYTES (XIO /MM )3.S A 2.5 . 3.0 1 .3 4.6 1.0
NEUTR40PHIL*o %. 23.8q 7.?4 PSr.5) 5. 2e3.0 1 4.6 P4.5 t_ 2.€q'

LYMPHOCYTES9 % 75.0 4. A.q 74.0 ± 4.7 75.3 . S.6 71.5 1 .1

BANDS2. 0 . n0 0.00 0.0 0.0 0.0 -

BSASOPM|LS, t, 0.0 t. 0.0 0.0 t 0.0 0.0 * 0.0 0.0 !0.0 i

"• ONOCYTESo %. ,L .8 t 0.0 1 ...On 0.0 o*_ 0, 1.5 :L .9

ATYPICALC. 4 0.0 1. 0.0 0.0 2" 0.0 0.0 2 0.0 0.0 2. 0.0
NUCLEATE[D PRlC, 0.0 1. 0.00 0.0 0.0 0.0 1* 0.0 0.0 *_ .0,

2.~ U/ 7 3.? 32.3 2.4.A 32.0 t 2.0 ?ft. 3 2.8

SUN. MG % 46.5 2- 13.3 P6.5 1 3.' 19.0 , 2.3 21.5 t 2.5

ENTRIES ARE MEAN _ STANflARD ERROR
SSIGNIFICANTY DIFFZUNT FROM CONTRL MICE BY D)tNEm ' S MULTIPLE CO'ARISON PaOCUgT •,.

1:1

r
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I TABLE 79

A AL•ow• To itiovER FO i momLA(CAN) CONTROL (TN) TREATLO N: NUMBER OF MICE

DOSE (N FEED): 0 (C. 2) 0.01 CTo 2) 0.1 (Ts 2) 1 (To 2)
6 3

ERYTHROCYTES (XlO /1N4 4.71 1 1.26 S.91 1 .25 6.58 e 1.45 5.63 .38

HEINZ BODIES 5 0.0 1 0.0 0.0 1 0.0 0.0 ± 0.0 0.0 . 00[ RETICULOCYTES9 S 12.S0 ± 11.69 .93 1 .03 2.69 I 1S.0 1.18 ± .82

HEMATOCRIT. VOL. % 32.5 1 5.S 38.0 _ 2.0 38.0 1 5.0 40.0 ± 2.0

HEMOGLORIN, GO. % 10.9 1 1.7 12.6 1 .8 13.4 t 2.2 12.2 . 1.2

METHEMOGLOSIN. 1 0.0 1 0.0 0.0 1 0.0 0.0 :L 0.0 0.0 ± 0.0

MCVP CUBIC MICRONS 70.8 1 7.2 64.2 1 .6 58.9 1 5.4 71.2 ±1.2

MCHOO MICRO NICROGMS. 23.9 1 2.1 21.3 1 .4 20.7 1 1.3 21.6 .?7

MCHBCO ON % 33.7 ± .3 33.1 1 .4 35.3 1 1.0 30.4 ~.1.5
5 3

PLATELETS IXI0 /MM ) 7.S 1 .7 18.6 1 10.6 4.5 ± .4 5.8 ± .1
3 3I LEUKOCYTES (X)0 /MM 2.8 ± 2.0 2.6 S, 1.1 5.9 ± 207 4.1 ± 1.5

NEUTROPHILS. % 26.5 * .5 34.0 , 4.0 30.5 1 ?3.5 12.5• .5

LYMPHOCYTESM % 72.5 ± 64.5 S I 2.S 69.5 ± 23.5 86.0 ± 1.0
BANDS," % 0.0 1 0.0 0.0 0 •0 0.0 1 0.0 0.0 1 0.0

EOSINOPHILSt S 0.0 i 0.0 1.5 1,15 0.0 0.0 .5 • S

NULBASOPEILS, S 0.0 ± 0.0 0,0 1 0.0 0.0 ± 0.0 0.0 ± 0.0

MONOCYTES. S 1.0 + 0.0 0.0 1 0.0 0.0 ± 0.0 1.0 ± 0.0

ATYPICAL S 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

NUCLEATED kBCs % 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

S60To IU/L 107 ± 27 112 13 236 ± 140 137 ± 47

SOPT9 lU/L 37.0 ± 6.0 38.5 ± 7.5 52.5 t 12.5 37.0 (1)

BUN. MG N 38.0 ± 6.0 55.0 1, 29.0 39.0 ± 0.0 32.0 ± 8.0

ENTRIES ARE MEAN ± STANDARD ERROR
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TAILI 82

StEWART O? LESIONS l MALE I MICI ID TA21 "-OM

Dose (2 is *aed)0 0.01 0.1

Liver
Pigmentation 1 i 1 2

Other LeiionsI

Adrenal Glaud
AmVloidosis 3 2 2 2 33 1
Fibroblast proliferation 2 1 3 1 1 1 1 1

_C_,£o~dd..er.I aj.~• 2 1 1. 1 .j

Tyroid

_- - - - - - - --tl- 1- I , --
Lung 1

Peribronbiolar lymphoid
proli~ertio1 1 1 1 1 , 1 1 1

Bro:oh;et8asi vith/withott :1 1

Heart

Liver
Awl'oidoois 1• 2

Testis
Anyloidoais
Degeneration vith/vithout atrophy 2 -

Pancreas -

Mononuclear £141 oc~i - - ------ _ 1....
Salivary CIand

Monowclgar call foci 1
Stomach

Amyloidol•1

Intestine
Anyloidooie 3 1 1 1 1 "3 22

Parasitism

Kidney a~jr1~j

Arviyoidooet 3 3 3 1 3 2 1 1
Perivascular cuffing@ 1 1 1 1 1 1 1 1 2 1 1

Retinal atrophy 1 1 2 11 1

Lymph Mode I

_ s_•_iot•h r1 VI - .IJOIRL.31. i - ý2 -_/on.,.!lgrrom _/. 1.3 2.0 1.0 lL.3 1.2_1-6 2.2•'2-2 1.9_ 2.2 1.7 1;.3 .. o 1.8

Tisues not listed were normals
Ea Cvoerity of lesion: w - nildl 2 - modetate, 3 - umrked, 4 - severe, - minimal or questionable; X - present:

0 - tissue missing or unreadable.
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TABIS 53

!IL"UILOt1ASOS Kit MUALE NIC1 PKD TN M 1Z MTHS

Do** (I in read) t 0.01........ 0.1

L I ~Treatuent-Islatsd Lesions!

Pigments Lon ~

[ Spleen

Kidney

- - - - - - - - - - - - - - - - - - - - - - - - -4 - - - - - - - - - - - - - --- - - - - --- -im ut o -) - -

1.. Other Lesions
Adrenal GlandI2

Amyloidosis 3 1 3 1
Pibroblaat proliferation 1 1 1 1 1 1 1 1 1 2 1 1
RePAavloidosl -4 "i111 ---1 ------- ------

Trachea
- rach.eltis1

Thyroid

Lung

Peribronchiolar lymphold proliferation 1 1 1 1 1 1 1 1 1 2 1I, %myloidosam
Bronchietats iadth/witbout emphysema1

Amy'ioidoxis

Portal irflauat-,tiov, 1 I 1 I

Hyperplastic foci 1
flicroscoplc granuloma

-Fibrosartnua J_- - -----
Raticuloondotheliosis 3
Extcessive extramedullary hematopoiesis
Fibrosareona

Ovary1
Amyloidosis1 1

~t j Uterus
Endoumtriol hyperplamia 1 1 2 1 11

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Salivary Gland~~¶ M~lononullear cel foci1 1 11

Stomach
Awyloidosia
Gestritis or-ulcer-ation - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -

Intestine
Amyloidosis1 1 1 2 1 1 2

2tParasitism
L -- Lvlpod~e Iasi& -1 - -------------

2 .~ Kidney
Aisyloidosis 3 1 1 31

-. Perivascular cuffinge 1 1 2 1 2 1 1 1 3 1 1 1 2
Nephrosis (focal)1

itvdron*Phrosis

-* -eisste h - 1- -- -1
5 -Lymph Node

Lymphoid hypetplasia1
ikroeaa come ... . . . . . . . .. . . . . . . . . . .. . . . . . . . . .

Urinary Bladder
No onlsr cel oi- -1 --

Skin
Subcvtanecu5 edeak 1 . . ..... 17 ~ 27- -- II-

_one -ar~ -I - .----- 7 1.5- 1.7 5.91 1.1 -1.37 1. 1.5 1. 2. 1. 2. 1. 1.-.

~- ~ Tissues not list~d were normal.

a/Saverity of lesions: 1-M14; 2 -moderate. 3 -marked; 4 - everez + minimal or questionable; X presentt 0 -tissue
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I3~I~L.LM'6  ~±.TAILE S

F1, MOIS ANID ALI&..D ]M Rl;OVS ?OR I MM

D ot i in fotd): .- 0 ._._.... ..... .01 0.1 . ..

Livei
Pigentation 21 131 31

Spleen
- 3K 81OVLA RiPP&U81iki -- - - - - - - - - - - - - - - - - - --4- -

othe Lein

Adrenal Gland
Amyloidooia 3 2 1 3 1 3
flbotoljct proliferation111111

Prarthyroid1

ThyroidiL.
Anyloidolst1 2

Lung-
Peribronchiolar lympRhold

proliferation 1 1I 1 1 2

Heart

Portal inflammtion 1 1 v
Auyloivosie

RPil~tatons x
--l~ .oe ~ r.Zll -t ... - ------- - -- -t -_ - -- - - - _ _ - - L - - • - ---.

Spleen 1

Lodrm plrG l lsod..

Anyloidosis 3 1
Rebs Isz I .Lia pn d.. Cro R p n - - - - I - 1 -1

?aversaa

LW 11..2_ISa.1 e o 161 DEL --_ - ---
-_O wat 1jaos £_ 1 .jo... 1

Saliv . Gland 1

N stomach
-nA loidosis 1 1 3

Parasitism 2 1 1
a W - -- --- - -

Am~loidomsi 3 3 2 3 1 2 3 3 1 2
orivascularcutting 1 1 1 1 1 1 1 11 1 11

-- -- --- ---- --- - - -I -1 - -_ - ,Il - i

' aL y i ladder 1

- 1Portal £nlst.Lok 1 1l 1. 1 l laPDD91a Smli Os i I IO ~ - ---------

. . . . . .i9. 1 .

Done Narrow

t~~~ --s --s -n., . --+._ - -I - -- - - 2_

Tissues not listed were normal.

I/ -- ~ it ofu,1 l .esia .ons.:i _I - mid oeae akd eee ii ma or qus !o

X *present, 0 -tissue missing or unreadable.

j evrsity fl esos: 1*id 2 - ineae I akd eee,±-mnmlo usinbe

140
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3 TABLE 83

SUMIMA OF LIlIONS IN FDL£ NICE FDh flO ?n 12 NOYI AND FLOW TO R 1 FR 1I

Waos ( % in feod) t 0_0_0__0_1_ _ 0 01 L

House No.: 07~j 40S~~ *07~ 01 O~3

T rsae, .Is-latsd Lasionl//

Liver
pigmentation 4 1

Spleaensv -lP~ain - -- -- ---

Adreatal ilandSAnilotdosts I I

Trachea

'/[iThyroid
Auyloidos ia 1

SLung

P[rib:oachiolar lywhoid 1

8 ar
/ t

Awylotel Big
_ -a

-- ro A flo mao iI 1 1 2
erLive 2 -

. .-.o t. . .1_ . . . 1_ 2_

j Ovary
Awyloidosis 3 3 3 3 I 3

-2v5a1afl cvat 1 -
Uterus

Endometrial byperplasis 12 1 1
-noj tt _1 2 - 2

-~~~~ pg~j j----- -- -- -- -- ----- I- ---- 2-----------
Pancrei j

L.a. e .1 .10 Lo lo i 2 1 . .I . . .2
•i ~ Salivary Gland

Mononucller calls foci

Stomach

Amyloidois 1 1 I I

Intlles tine

Amyloidosi8 3 3 4 3 4 3
Parasitism 1 1

Aswyloidosia 1 1 1 -3
Perivescular cuffing& 1 2 2 2 2 1 1 2
Nephrosis 1

cystic kidney 4

Urinary Bladder

Eye
Retinal atrophy 1 1

i. ISAMAjtivts ] 1- --l~ 1.0 ------------

. ..... . .qi2 _ 3a.io 1~.9. 1.41.2 -ý.ý .0LAý 1.0 1l

!issues not listed were norml.
L/ Severity of lesions: 1 - mild, 2 - moderate, 3 - marked. 4 - severs, + - minimal or questionalbe. X * present,

0 - tissue missing or unreadable.
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TABLE $a

SUWA4T 0 TISSue LlICNS '9N M4ALE MCE ?ED %No FOR 24 M0lnNi

Dome (.in food): ..LI0.01 0.1
House No.: 121 IL 349 355 28 IL UL

I ~ ~~~~~Liverian d rjae 1

Othar LeeLone

ee0 0
- eligal ~~~~jiu.------

Trachea
-~~~ -eale - - - - - - -ecretion-

Chronic poeusmnia + 2 2

Bronchoslveolar adenoms ~ i
Awylold deposits 2 1 2 2
Focal myocarditisI

4ycadil carig 2 2 2
- tothioln - - - - - -------- - --

Stomach1

Liver -1k-Dysplasta. minimal x x x x x 1
Amvloid deposits 1 2 1
Multiple grenuloymata 3

Intestine
Aoiyloid deposits x x X x x x

Kidney
Anyloid deposits 1 j 3 4 3 3 3 3
Rfe-tention syls - - -+ -------

Testis
Focal atrophy 1 1 3 3 2
Nypospormi4 1 1 3 2

seminal Vesicle

~e~e ~ ~ --a ~m ioi------------------------------------- -
AdLeviil Gland

Aging changes 2 3 2 3
Amyloid Aeposims 1 2
qprticalatr~phy . 2 ... 3_ 2 --- 3- -2 _1_

Thyroid Gland 0
Aging changesI
Amyloid deposits 3 3

Medullary degeneration 3 1
* Spleenx x

Awyloid deposits 2 3 1

Lymph 4ode 0
Awyloid depoeits1 1

- -aro -
Bone Mro

Tissues w t listed were normal.
j/ Severity of losions; w- mld, 2 -moderate, 3 - severe, 4 -very savere,

~-minimal or questionable, X present. 0 - tissue missing or could t~ot
read.



TABLE 89

SUMMARY OF TISSUE LESIONS IN FDVL CON TROL MICE FOR MICE FED TG FOR 24 MONTHS

ouse Mo.: 21922.427. 2732 241 2431 24 247 248 249 250 25.22 255

E•e 0 0
T•- ---- - -X - X -X X - - - -- I

Tfchea
Chronic tracheitis 1
Retainad inspissa ted slcTation X X X

Lung
Chronic pneumonia 2
Broncho-alveolar adenoms X

Heart
Amyloid deposits 2 1 + +_

-- Hoadial a tiffniL1

Artery (renal)
Intimal thickening I-

Salivary Gland
Focal siladenitis
Amyloid deposits 1 1I! stomach

Acute ulcer X
Ali.d hdyeplnsit 3 - 3 3 - 3I " Liver

Dyesplasia, minimal x x X X X X X x

Cholicystitis Xr1
Ho -- -~a -eo- - -_

Intestine
Amyloid deposits 1 3 3 2
Pinv onms X3. Kidney

Aimyloid deposits 3 3 3 3 1 3
EChroic i hterstiy tl nephritis 1 1 +1 1 11+_
Tubular degeneration 2SGlomerular sclerosis 2
RenI a l. c.ll by per plas~is -I

Oivary £
SHyalinization3

Stromal hyperplasia
Piyoend deposits 2C•"'st! ade ma~o --- --------------------

uterus 0 .

Endometrial hyperplast2 I I 1 1 1 1 1 3 3

Adrenal Gland 0
Agingc hanges 3 1 2 1 2 1 3 2 2 3
Amyloid deposits 3
-Pigment deposits- 2 2 1 1

- -yh~oI 2 - -

"•: ,Thyroid Gland 0 0 '

•,__Fo~ll cula~r carc€inoma x--------------------

Ti"s. s ne o lite wr

Spl eveit o- - eioc -- ere 4 - ver seee - --iia or - - -ion-b-e-

• { ~~Amylotd depositcs I'

;•:• Pigment deposits 2 ,,
• _ 11a~linanS. v ymho• X

L: LYoph Node - - -' --- 0--- -o
.. . .•~ ~ • .ho _ . ... . . . .. . . . . . .

L' Tissaes not listed wer'e normal.
-L.l• Severity of lesions: I - mild, 2 -modereze, 3 -severe, 4 =very severe, +-mistrael or questionable,

L. I X present, 0 tissue miseing or could not read.
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TAULE 90

SUMMARY OF TISSU.E LESIONS U.! F34&LE MICE FED 0.017. TNG FOR 24 MN0NH5

Mouse No.: 420 427 428 432 433 440 445 447 448 451 43 455

Eye I
Retinal !depneration _ X X X XL.

Skin
Lymphocytic infiltration X

_ e.1iaik X yaphpo=m .X . .........

Trachea
_ e•a.jned_inzi2sa&ted secre tions - X_ - - - - - -

Lung
Chronic pneumonia 1 2 2 2 2
Bronchoalveolar adenoma X X -:

Heart ,:

iParot id Gland -- - - - - - - -

Focal h lyainizati--n _ -

Liver -

Dysplasia, minimal X X X X X X
Amyloid deposits X
Patty change X

Centrolobular necrosis I
Granulomatous hepatitis 1 2 1 2 + 1 1 + 2

Intestine

Amyloid deposits X X X X X X X ,;

Pirnl rX - X X X X
Kidney

Awyloid deposits 2 3 4 4 3
Chronic inrerstitial nephritis 3 1 1
lubular degeneration 2 3
Tubular opithelol degeneration 2]

~l~juoslrg~--------------------------Vi

Awyloid deposits 2 X
Benign cyst X
Strome lutenization X X

Follicular cell tumor X X
Serous cystadenom X [I

bnpýs. .H .orajl .e.j~ .c~ . ._ . X .

icystic change X X X X X X X X

,.•a~~•• l~earl xIIJ •X
•'• ~~Brain _o. .~ic"t,,~.

Leaalzd~1io is ------------------------
Adrenal Gland 1-

Aging c•anges 1 2 2 2 1 2 ll2
Cortical atrophy 1 22 2
?a- _ar.jgl!.om_ with extensions 2N2..

-,•" ~ Pituitary Gland--

Developmental stalk cyst
Basophilic hyperplasia 2
qh-- ---:-- owph-o_ - -ade - - J-- --- - - - - - -

Siol
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TABLE 90 (concluded)V Mouse No.: 420 427 428 432 433 440 445 447 448 451 453 455

Thyroid Gland
,txro-hy :' olicular

epithelium 2 1 2
L Colloid cysts 2 2 2 3 1 2

-rrLoiddekosits- - 1- ----------------------SSpicen
Zxtramedullary hemarrtoiesis I
Ma ijinant e...ho.. X

Lymph Nodeh
Amyloid depomits 1

r 'y-uphoe t�hyperpl1sia XX X X X
M•stocyt.sh. x
Plasmacytosi. 7
Maiij.atnt jymp i-----------------Sbone Marrci 

2

Rypovlasia 2 2 2 2 2 2 2 3 2
Depreseed erythropoiesis 2 2 3 a 2

Depressed maturatior. of :runu-

Tissues -tot listed were normal.

a! Sevaritý of lesions: 1 - mild, 2 moderate, 3 - severe, 4 - very severe, + - mirimal or questionable,
x- pr-sent, 0 - tissue missing or could not read.

''A

)1 4

Ii

1 .4
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TABLE 91

SUMN&RY OF TISSUE LESIONS OF FD(%LE MICE FED 0.1. OR 1% TNG FOR 24 MONTHS

Dose (% of feed) 0.1__ _ _

You@* No.: 621 62 6_0 640 643 45 655 656 841 843 8 _4_0 5_ 85__5

TreOtment-Relted Lesionse-/

Si H

Ovary
- pMRA-5..ed -t~oa - --- --- 2 - - 1

Adrened Gland sa x
-- j--- -j- -j tj --- ------- ----- ------- ----- - ---------- - -------- ---

Spleen t

Other Lesio ns i~ V

Heart

- bAmylod d beposils 2_ow

Trache
Retained 1nspissated x x x

Chroalc aneumoni c 3 2in a
Lymphocyte aggregastes o2Pleural thifckeni~ng•

-. nchoalaa... o ula .d..... X _X...X ... ... . ----...
Heart

Anyloid deposits 2_ 2 _1
Focal myocarditis +•

-l~osrt1ssrn - - - - - ------------

Saliviry Gland- ejs~_ b~a~s_ - - - - - --
'S tomach

Amyloaid deposits 2 34
Metaplasia and chronic inflae,--

tion of. Ilandular stomach -- ---- ----- -- - -- -- --- -- --- -- - -- --

Liver
Dysplasia, minimal x x X x X x X x x X x.

Chryloid deposits 2 1
Granulomats + i -

SDejonsta.Lign. . . . .r. .lon 1 .2 .2_

Intestine
Amloid deposits X X x X 2 1 .

Amyloid deposits 3 3 2 3 3 4 2 3 .

Chronic .interstitia-l nephritis 2 1 1 2 1 2 1
-eetJo -yt - - - -

Urinary Bladder
- -y~ - -t -s•o -tc -eL. - - - - - - - - - - - - .

_•: 148
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TABLE 91 (concluded)

Dose (% of feed) 0.1 156 i

Mouse No.: 621 623 00 640 643 645 655 656 841 843 848 850 851 855

Other Lesions (concluded)

Ovary

Amyloid deposits 3
Hemorrhagic bursa ovarica X
Serous cystadenoma X XJ Pseudomucinous cystadenoma x

Follicular cell tumorUterus

_ L ystic endometrial hyerlasie 2 3 1 1 3 1 1-
Adrenal Gland -0

Aging changes 3 2 1 1 3 1 2 1 +
Amyloid deposits 3 3 3 11 2

Cortical atrophy 3
Cortical adenoma X

Thyroid Gland 0 0
Amyloid deposits 3 2 2
Atrophy of follicular

epithelium 3 1 2 3 3
Colloid cysts 2 1 --- ----

Spleen I I
Splenomegaly X X X j
--A Lloid in red p!ul . .- - - - - - - - - - - .

Bone Marrow----

Left shift of cells 1 1 4A
jyp•loEasia- - - - -- - -- 1 1 !

Tissues no t listed were normal.
a/ Severity of lesions: 1 = mild, 2 = moderate, 3 - severe, 4 - very severe, ±_- minimal or questionable,

X = present, 0 = tissue missing or could not read.
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TABLE 92

SOMY OF TISSUE LESIONS OF MALE CONTROL MICE DYING AT UNSCHEDULED TIMES

Mouse No.: 14 106 145 115 116 130 143 123 136 _5_8 _. 8 29 _U 15 In
Week of Death: 9 48 49 57 62 62 73 77 77 77 82 82 82 82 93 -

Leas ions'-

Eye 0 0 0 0
- tinsal a eenerat.iv. . X X X X X Xx
Skin 0

Subcutaneous multilocular cysts X

Subcutaneous spindle cell X --sarcoma o|0 •

Trachea 0 0 0 "••Retained insuissated secretion - 2 -

Chronic pneumonia 2 1 f
Malignant reticulosis inpericar-

ditm - - - -
Heart

Amyloid deposits 2 1 1 1 2 1 1 1 +
Mural thrombus 3 2 2
Myocardial scarring1 1 1 1_Ma~li&n~ant reticalosis ]. X

Salivary GlandI
Amyloid deposits 1-

- e~reassiveZdesenerative chaie - -- 1
Liver * X

Dysplasia, minimal x X X X X X X X
Amyloid deposits 1 1 +

Degeneration 1
- Malijn.nt reticulosts I X. . .

Pancreas _
-- yho.yic infiltrate 1 .------------
Intestine
Amyloid deposits 1 2 1 22 2 2 1 2 -,

Pinworm X - X X
Kidney

Amyloid deposits 3 4 2 4 2 2 2 3 2
Chronic interstitial naphrotis 1 2 2-
Malignasut reticulosis (including

-erirenhal fat) . "

Testis
Focal atrophy 2 1 1 3 "-

- --Y-Op r-ia 3 -
Adrenal 0 0 0 0 0 0 0 0

Amy loid deposits 3 3 3 3 2 1
chanjes . ......... 3 3 3 2 1 T

Thyroid 0 0 0 0
Amylo.d depoi its 3

_ &gjr Shanjk,_ . ., . . . _. . . .t. . .. . .. • . .. ._ 2
Spleen
_ -! -na_- r et-c-ulosis X x-
Lymph Node

Reactive lymphoid hyperplasia 2
-- Nailunant ------uo- - - - --

Tise•ua not listed were normal. Ia. Severity of lesions: 1 - mild, 2 m oderate, 3 = severe, 4 - very seve*,, ±_ - minimal or 4questiona~le,

X - presene, 0 t tissue missing cr could not resd.

1.50
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[ TABLE 93

SIM4AXy Or TISSUE LESIONS OF MALE MICE FED O.017, TNG AND DYING AT UNSCHEJILED TIMES

Mouse No.! 324 351 314 323 309 1321 347 312 317 345 337 311 340 343 357 339 356 326 334 .53

Week of Death: 12 29 58 62 62 66 66 66 68 691 72 78 78 78 78. S 84 40 93 QQ

Troatment-Related Lesion_--

S~Kidney
Zinn 4eoj~oit .1 4. .-- - -

Other Lesions

Eye 0 0 0 0 0_ &*SiL~j jejenl*_ation - _- ... -x -. .-_ -- --------- X X ---x
Harderia z~~••v -- Gland •i

wh---- - - --I- letelj~nld~iaspissatdsed--------------------------- ------ --------------------- - --- -------- - - -- -- --

Lung I I
Chronic pneumonia 2 2 13 2 2

Early acute pneumonuia
Intre-alveolar end interstitial

henorrhage, uassive I
Bronchoalvao lar tumor

-- Mve1jcxtL _leukemia I

Heart
Amyloid deposits 2 3 3 1 1

mural thrombus X X x X x x IC

Myocardial scarring 1 2 1 2 2 1 2 1 2 1 2 2 2 2

Interstitial edema L
Intravascular thrombus x J

S- Mv~lq€jcv tkc leu aia -_X_ - - - - L - - - - - - - - - - - - - - - - - - - - - - - -

Stomoch
Amyloid deposits X x x X i X

Liver
Dysplae~a, minimal x X x x X A x x A Jý A x. x x

Amyloid deposits 2

P&ssive hypereris 3

Fatty change
Centrilobular necrosis 2

-- yMeloc~tt c Ie~uemia ICi

Pancreas
Amyloid deposits 1 1

Inceitine 0 :0
Amyloid deposits 1 1 3 2 2 1 1 1 1 1 1 2 2 2 !

- t .. X - -r- --- X XS~Kidney
SAmyloid depokits 3 4 4 4 4 3 3 3 3 . 4 3

Chronic interstitial nephrotis 1 2 1 2 1
A4rteriosclse!osis of rtnal arte) 3 3

- P a Passive hyparemsi
Corticol retention cysts X 1

Focal calcification
Focal granulowa in hilus x

- -y.-oc t-c l-ukemia - -

Urinary Eledder

aDtial c ulcsrastivecxiti-• - - ................ .- ----- ----- ---4--------

Focal atrophy 11 2 2 2
Hypospermia 3 3 4 3 2 3 2 2 2 3 2

Vascular changes (intimal
proliferction) 2

Amyloid deposits 2

- -y-1oc-t-c l-uk-mia ----
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TABLE 93 (concluded)
Huns No., 32• I1 _ 323 309 .321 347 312 317 .35 33 I Iq•Q3 .436. 1 )?9 _56 .?§ 3: .3ýJ

Week of Death: 17 29 58 62 62 6 fC 66 68 69 72 78 78 78 78 M4 IA 9o 93 99

other Lesions (concluded)

Epididymis 0
-- pjthjja llat d!Re..nerit ion - . . . . . . . . . . . .- -. .-. .-. .-..-. .-. .-. .- -. .-. . . . . . . . .. . . . . . . ..- - - - - - -

Semlinal Veai cl2
- eaftaeraKive .chanmcs ... . . .. . . ... . . .. 2- 2 - 2- _ -1- _2 _ 2... 1_ _ _2_ 1 - - ... .--- --

fieet.alitaed Aqyloidoslr X - -- - X X X X X - - _X_ - - N X
Skeletal RMusCle

- -r - --a r_---o b_ -a -om 4 -

Adrenal Gland 0 0 0 0 0 0 0 0 0
Amyloid deposits 2 2 2 3 2 3 1 2 2

Asin8 changes 2 2 2 2 2 3 1 2
- -ort tcala trophy . 2 2 2 2 3 _ 2 .2 . .

Pituitary 0 0 0 0 0 0 0 0 0 0 0

d a e_ - -_ x
Thyroid 0 0 0 0 0 0 0 0 0

Aoyloid deposits 2 2 3 I 2

Atrophy of follicular
epithelium 3 2 3 2 - 3 1 3 2 2

Colloid cyst 2 2 2 2 2 2

- Follicular adenoms x
Splern

Splanomegely x x
Amorphia from leukemic

blast cells X
Asyloid depotitts 2 1 3 7 1 1 3 3 3
gitramedullary hemastopoiteis 3

- Repletion of cellular elements- 3 2 2
Lymqh Node

Am7 loid deposits X xX

Plea-8 cell 'lyperplasta 3
Stnusoidal lining cell hyperplasla 2

wa.1PEye ---------------------------------------------------------------------------------------------
bone Narrow 0 0 o o 0

-y- ..l0 -tLI3 2 1 - - -
flymofl-s-a--------------- 2 -2 - --

Tissues -lot listed were normal.
If Severity of lesions: I - mild, 2 - moderate, 3 - severe, 4 - very severe, + - minimal or qiestionable, X p present, 0 - tissue

missing or could not read.
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TABLE 943• +t.SUINAKY OF TISSUE L3S31t09 IN A&Lt MICI Mi 0.1% OR 1. 1 AN1% t)YIHi +2 UTSCNIDUL6. T!NM

Do@e (% in feed): _ I 1

Houee No.: 520 501 536 517 566 524 511t 516 515 721 140 747 733 750 751 754

Week of Death: 26 53 63 65 '19I -W -V -176l 3 28 5- 268 70 74

Treamnt-gelaeod Lesione±-/

liver

Kidney ._ i f n OI• -• d e po _. l t -. . . . . ..- .- . . . . . . . . ..-. .. . . . . . ..--.-. . . . . . . . ..- - -. -- -- " - --- - -

Othew Lesionst

Eye 0 0 0 0 0 0
- oip .e~~. ..eealn . .. ... . . . . . ...

Trachea

-Iejajnad~inxztasatjdnc~ejipnj CA

LungK--
- - - -r -ind ln t 2- 2 ... .

laert
A y olad deposit s 1 1 2 1 2 3 1 2

Mural thrombus 3 3 3 .

ilyocard al infarct 2

Myocardial s.arrtog 1 • 1 2 1

S-- C h-onic -oca-d-tie .. .. 2-

Stomach 2
Epithelial metaplasi 2 1 2

Liver '
Dyaplesia. minimal X X x X l X X x x x

Amyloid deposits + 1 2 2 I
Passin e hyperemia 3 4

SHl, viog.ye dlgen.~r~atlon - - - - - - - .

PancreasI
--; _ o -_ -. . . . . . . . . . . . . .- . . . . .--. .-- -. . ..--- -. . ..- -. ..-- -. .-- -. .-. - --- ---

" 1~ntestine
Awylold deponits x X X 2 2 2

Pinvorm x - - -- ----

Vidney I
Asyloid deposits 3 3 3 3 2 3 3 3. 3 3 31 3 3

Chronic Interstitial ,,hr(i R I +1 t I 2

Gloseruloc leron s 2I
Tubular degesrat ton . I

_ Solid tubula_ renal adnon.. ... . . ................. .....

Urinary gladder 
- - -

i ~Chronic cystitis with uleeratnni.,

Tehtii rt
Atrophy 2 3 3 '
V- Pc&l cal LciflcttnE-- r,• _ -+..: f ,_,. . . . . . . ._ _ ! . . . . . . . - - - -. . .-- -- . . ..

Skin

Ulcer with inflae ation x

Subcutaneouohisanji2t- - - - ----------------------
Abdominal Cavity

Sarcoma ×

Adrenal Gland 3 I I

Amylod depositn 3 2 3 3 3 3 3

AgIng chante*
Cortical atrophy I 3 o 3

Cacification of sona intermedia 2

Ft bro.l. eo, Med!ulla - - . . . . . . . . . . . . . . . . 2- . . . . . . . . . . . . .

Pituitary (;i-nd --S -.-.-.- -.-.-. .-.-.. ..-.. . .-.. .-o - -- ----, --o
Thyroid Cland 0 0 0 0 0

Amylod depot:ns 3 2 3

, _Atrophy of follicular epithelium 2 _

Lý"'loi4Eyltj - -- -- ------------- -- -- - - - - - - ----------------
spyeeo 4 0 . 1 2 0

As'.l.id deposits
8p1enaelslyX X

pylnoel' .,.r.Io I
Hyperpllaia of aakarvorvtes I
-L_-phoid-atiru phy - - -- - _- ....

Lymph Node I 0 01 0

- L':2rh°L-ji llpjej ........... .... . ......... . _A_ _ 2 -

gone Marrow
•~ ~~~~ ~~ -| - - -y-~E~_ .. . . . . . . . .-E - - -_ - -_ -_ _ -- _ 3 . .. - _ - -__

Tissues not listed ware norims1.

S/ Severity of lesions: I - mild, 2 - modarate, 3 * severe, 4 vary severe., + " mi:imal or questionable, X

present, 0 o tissue missing or could not read.
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TABLE 95

S IMMY¥ OF TISSUE L 4I, S IN FE&,L:' CONTROL MICE DYING AT UNSCHEDULED TIMES

House No.: 257 233 214 235 22& 221 258 259 220 222 223 240 213
Week of Death: 30 48 50 k 84 84 84 91 92 98 99 100 105k'

Treea nt-Related ,Lesions'/

Lymph Node

2btr Lesions

Eye 0 0 0 0
_ e•ine1 _. 1e~ne~rst ion Ix K X

- s-- al------ ------------- -- -- -I - -- -- ---

Trachea 0 0 0 0
-- •e~e lnjd in s£1acatjdeac reto~n• 1 1

Chronic pneumonia 3 1
Bronchoalveolar adenume

-- balipn.nt L--phore-uo-is X --
Heart

Aayloid deposits I

Chronic myocarditis +

balI~nsonL lphoU5 sa K
Salivary Gland
Awyloid deposits 1

Liver

Dysplasia, minimal + X + ± X X X x
Hemengioendothelioama

- ali nant b Vysphorsticul -ois- x - ---
Intestine 0 0 0 0

Amyloid deposits 1 2 1
Pinworm X X X X x x

- Hsl�ijat -vrhoge _
Kidney

Amyloid deposits 3 3
Chronic interstitial nephritis 3 1 3
Glomerulosc laroai8 3 3 3

Tubular degenerat ion 2 2+
_ l"Arman_*t• imho~m_ - -- X_ ----

Ovary

Hemorrhage
Strouml hyperplasia 1 3
bal imntaan ivrhhom -_ - -------- -x------ --

Uterus
Cystic andometrial hyperplasia 1 3

Ls iomyosarcows x

Subcutaneous hemiangiotu
S ubcutaneous fib~rojsrcomt - -------

brain

_ gi-s,.!erach...oid - ------------
AdrenalI Gland 0 0 0 "0- 0 0

Amy laid deposits 2 2 2

-Asgln,. Shjnjaa..... ....... . - 2 _ ____I _ _ _ _ }.1
Thyroid Gland 0 0 "0 0 0

Atrophy 2 •-3 2[

q o~lold ly v~t q . .a . . . .• .. ....- J
iplter- - -- - - - - - - -

Amyloid deposits
sjpjle•oL_ -asy_(Sju& Xol ho• x i_X . . x

Lymph Nod*

Hyperp la8 ia1

ions Marrow 0 0 0 00

Tissese not listed were normal.
j/ Severity of lesrions: I1 mild, 2 - wodarate, 3 - severe, 4 -very severe, +. minimal or questionable,

X -present, a - tissue missing jr could not read.

b/ Died in first week of recovery after 24 months of fteeing TNG,
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SI TABLE 96

SUMt• ¥Y OF TISMUE LUSIONS IN FDVSLE MICE FED O. 01% TNG AND DYING AT UlNýJMUL TIME

mouse No.: 409 452 418 429 422 414 434 4.14 421 436 449 442 443 459
Week of Death: 37 38 44 78 80 90 92 95 96 97 99 100 1OO 10a

"f ITreaggnt-Reisted Le ions/

Kidney

Other Lesions

Eye 0 0 0 0 0

te~inal dejieera.i.n .
Lung

Chronic pneumonia 2 2 2f Passive hyperamia 3 3

Malignant reticulosis X X
- --_-!~n.n -_.ho_

Hearinat yp a-----------------------------IHeart

Amyloid denosits
Mural throubus 3
myocardial scarring 2

Pericarditis 1

Aorta rX -
"- Periporticgranulation tissue -

Salivary Gland
" A'yloid deposit~ts 1

Liver

Dyaplasia, minimal X
Fatty change
Focal necrosis
Passive hyperemia 3

Granulomatous hepatitis 3
"Cell unrest 3
Centrolobular necrosis
Malignant retIculousi X X

Pancreas

int estin-

Amyloid deposits X
•Ayletd deposits3

Chronic interstitial nephritis 1 1

Gloserulosclerosis 1 2
Tubular degeneration 3
Malignant reticulosis x x

Urinary Bladder
Focal cystitis x
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TABLE 96 (concluded)

ouse. No.: 409 4Lz2 418 429 422 414 434 424 421 436 449 442 443 459

Week of Death: 37 38 44 78 80 90 92 9S 96 9? 99 100 100 104

Mer Legions (concluded)

Ovary 0

Benign cysts x
Follicular cell tumor X

- tapillarl Sy_!tednom X

Bursa Over ii
-& ;lilnn& Leicu ioaiu X x ---
Uterus

Acute purulent endometritis 3
Cystic dilatation of endometrial
glands _x x x x

Adrenal Gland 0 0 0 0 0 0

Atrophy 2

Thyroid Gland 0 0 0 0 0 2 0 02 0 _

Atrophy of follicular epithelium 2
Colloid cysts 2 2
-alignan ljyghom- ----- ----- ----- - ----- --x- - - - - - - ---

tP&sive hyperemis 3

Lymphocyte depletion 2
Extramedullary hematopoiesis x
Splenomegaly with focal granulomas

Calcitm-iron incrustations X
Malignant reticulosis X X
Mallianant lvmhoma---------- -- -- -- -- -- -- - ---------

Lymph NodeSBenign hyperplasia 1 2 1

Histiocytic lymphoma X X
- algnant reticulosis X X ......
Bone Marrow 0 0 0 0

Hypoplasia 2 2 2 2 2 2 2 2 2

Errthroid epqess ion 3 2 3 2
Tissues 14t listed ivere normal.
_/ Severity of lesions: 1 - mild, 2 - moderate, 3 - severe, 4 very severe, + - minimal or questionable,

X = present, 0 - tissue missing or could not read.
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TABS.1 97

80419EY OF TISSUE LESION8 10 FDALU N]ICK FED 0.1%. (X 1 ThGAN4D DYING AT VOSCHDULZZ) TIMES

Dose (% in (Arad): 0.11
Houe. No.: 612 606 646 632 617 618 611 616 631 633 610 629 6521 ii8 845 825 044 819 822 823 852 837Week of Death: 2-'5 -S'2-6 -'665 • -- U - -"• 7" A "-F6 -1 9• • M f_4 -31 -Lx 7-0 -7 9R 2 9-f2 -97 ._

Tr t.. nt -Rlete I ' t JLkions

Liver

_ i _ao i-- - ----- -- - - - - --- - - - - 2 - - - -
Kidney_ igi•n£ d.koLi•. .. . . . . . . . . .. .1 .. . . . .•. . . . . . . .. 2 . . . . . . .. . .

- - - - - -- - - -------------.-.-*----- - -- -- -- -- -- ----
Thyroid Gland

Spl~men
-i- s.xe t,1--nta-i-n - 2 - - -4--

pf-Ter L4.3ons

Eye 0 0 0 0 0 0 0

- -.-e t-. de----er-ati_ n . . . . . . . . . . . . . X - - K

Trachea

pjaaned insm isated secretions - - -X
Lung

Chronic pneumonia 2 2 2 1 1
"-ribronchial Lyrphoid iggregater I-
Bronchoalveolar &de'one X X X x x
•ollision tumor (squamous jell I

carcinoma invadiaG broncho-
- veolar . . ...tu-r .... -. . ....

Hear 1t...
Amyloi6 doposits I II + I I ÷

Cnronic myocarditis I + +

Liver
DyspsLia. minimal x X x X X X X X X X x
Amyloid deposits 1 1 2 2 1 2 1

qteatosis 2 2IeSenneration &no0 eteneretion
V otanersiion 2rocal csicificatio-n x

H1altgnant leukemia x
Maligens t reticulosie X

rliL- - - - - - - - --1
hItestine f 0

AMY1ol0d deposite -2 2 3 - 2 2 2 1 2
_ etn~•__ _ xns_ x_ x x

Kidney
Amyloid deposits 4 3 3 I 1 3 3 3 3 3 3 3
COronic interstitial nephritle 4- 2 2 2 I
Fo.al c alcification 1 . +
Mleignsait leukemia A

- - -t - - - - - -- - - - --hon _ , -- -. .
Ovary IU 0

Amy '1l.d deposits 3 2 2

HemorrhIsge in 2uea.' ovwrica x
Stnowal hyperplini., i I
l"o'llicul'" cell tumor X

5arous cvit~denora x x

Malign•nt leukemia x
U --ru 

0

'ystic hyperpenies 1 2 1
FnivioevrLi i hyporpla ita I I 1 1

Farulent end~wr-.ý, is 3
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TAqr~lE 97 •(concluded) t1

Mouse No. 612 606 646 632 617 618 621. 616 6;1 633 610 629 652 648 845 825 844 819 822 823 852 637
Week of Death: 25 52 60 65 68 86 94 94 96 96 97 0 1-4 36 64 70 78 91 92 92 97 0I2/

Other Lesions (concluded)

Nenary Gland
Carcinoma X
_ niptIr,. 1 lc -----a ed '-

Skin
Ulcer x
Subcatandous cyst X
Cortically dilated sweat 3lands 1x

Subcutaneous f ibronarco. X x

Brain .

-- hMlj.ant leukemuia X--------- ---- --------------
Adrenal Gland 0 3 0 0 0

Amyloid deposits 3 3 2 2 2 3 3 3 3
Cortical atrophy 2 3 1

Aging changes 3 1 1 2 1 2 2 2 2 2 2
Abeess at cortifo-meduliary it '3 31

junction X . '

__•_'•_nt 1,_ýu_•_i_. ... . . .. ._. ...... . . •. . . . . . ..... -,.7 -o z - Y. . ... .
Thyroid Gland0 /

Amyloid dep~osits 3 3 2 3 3 3' ,I

Atrophy of follicular epitheli.um 3 3 2 1 2 /•-'

Colloid cysts 2 + 2

--dn m t u -ote - -L --- ------ --- -- ---------Spleen" ,
ASlenid deposits I

Reactive hyperplasia 2 L I I
CystX"*

HiItiocytic lymphoi x
-- aiinantn joukenis

Lyph Node
Reactive hyperplasia 2 1 1 1
Lymphocyte depletion 2----
Lymphoid hyperplasia2

Histtocytic lymphomaX .

Halignant leukemia x
squamous cell carcinoI Xs

- i.. , t l a - --- - - - ......n. -u - . .- - -

0on Marw0a6 0Hypoplasia + + + + + ÷ ± - 1
Ersnu locy t i_Ieukesa- --- X- L- - -.............- --

Tissues not listed were normal.

a/ Severity of lesions: 1 - mild, 2 moderait,,. I -- ore, /A " vtkrv severe, + .minimaor nT tqtionsbiv, I - ren•v,, X n t s.qsue
miqsng or could not be read.

b/ Died !n 2nd week of recovery after 24 monthf, of feeding "ril..
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TABLEF 98

WWUt~RY OF TISSUE LESIONS IN FM~ALE MICE FED TNG FOR 24 MO-NTHS AND ALLDWm)
TO ISCOV~ FOR 1 MONTH

Duse (7. in fead): 0 0.01 0.1
Houre Nlo.: 2126 13 16419 609 61581 82

Treat1!nt -Ro-lated Lee ionsi'

Liver

Ovary
tigm e po!.its . ....------ 2-

Other LIslns__

Retinal die~tneration----- X ---- -----------
Trachea__

Lung T

da ii n;Et reiculocsq
Heart

focal. _=vocarditisL
Arteries

LoSal panarteritis - -
Stomach

llandular MItsLA~lsi& -L
Liver

Dysplasia, minimal Kx x x x x x
Granulowatous hepatitis I+

M.£aliitgnpt rEqiculosis -----L
InTistin,
Amyloid deposi.ts x x

-ivom -.. ' - -X --

Kidney
Amyloid deposits 31.Cronic interstitial mephritlis 1 1 1 1 1 1 1 1
CorticAl retention cysts x

- Malignant reticulosis-----------

Ovary
Strotasl h~periylasia 12

Stroin~l lutainizationX

Most call infiltration x
Hemorrhagic bursa ovatica 4

Cystic change x x
Serouc; cystudenome

Uternis
Endomr.trial hypirpissia 1 2

Cystic andomet~ial h.yperplasis. I
Ijgogipemndothelipme

--- I I --- ---LJ --.
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S~L
TABLE 98 'concluded)

Dose (% in food): 0 0.01 0.1 1
Mouse No.: 211 216 All j16 419 609 615 810 812

ot•her Lesions (concluded).

Adreneol Gland
my loid depos its 2

&j 0na3 2 2 2 2 2 1

mPitu itary Gland

Dev/elopmental stalk cyst

Basophilic hyperplasie 2
h r o ~ qo k po b e a d e n o m j .

Amyl.-) e deposits11

Aging changes +
Atrophy of follicular epithelium 2 1 2 1 1

qp•lloitd gyts - - -
Spleen .----- -- r --------
Lymp~h Nods ,

Lymphoid h.perplas ia 2 x
"l at~ah elizulo~stis -. • - -.

:: ~Bone Marrow .

IHIpoplasia 3 2 2 2 2
~epressed erythropoiessts 3 3 2

Tissues not listed ware normal.
I/ Severity of lesions: 1 - mild, " , moderate, 3 - severe, 4 - very severe,

+ - minimal or quesuionabla, X - praeent, n - ttssue missing or could not read.
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TABLE 99

TUMOR OCCURRENCE IN MICE FED TNG

Dosne (% in feed): 0 0.01 0.1 1

Sex: Male Female Male Female Male Female Male Female

Sites, Tumors

Harderian Gland
_ Lymphang~ioma - - -
Lung

Bronchoalveolar adenoma 3 1 6 1 6 4
Squamous cell carcinoma I

Heart
Hemangioendo thelioma 1

Liver
Hemangioma 1 1

HemangLo endo thelioma _I
Pancreas

. .ystor . 1i
Ovary

Cystadenomas 1 2 4 1
Follicular cell tumor 2 1 2
Lipoid cell tumor 1

_ Hemangioma 1 1i

Uterus
Hemangioma
Homangioendothelioma 1

Leiojayosarcoma 1 I --------------------

Mammary Gland
-~Carcinoma 1

Kidney
Tubular adenoma 1

Skin and Subcutaneous Tissue
Sarcomas 1
Fibrosarcoma 2

Squamous cell carcinoma
_Hemangi.oma

Bone
Osteosarcoma 1

Skeletal Muscle
_ Mjoblastoma 1
Multiple Sites

Malignant leukemia 1 1
Malignant lymphoma 2 2
Malignant reticulosis 1 2 2
Maignant lymphoreticulosis 2
Histiocytic 1ymphclma 2 1
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TABLE 99 (Concluded)

Dose (% in feed): 0 0.01 0.1 1
Sex: Male Female Male Female Male Female Male Female

Sites. Tumors

Adrenal Gland
Paraganglioma I
Cortical adenoma

Pituitary Gland
Chromoplhobe adenoma 1 5

Spleen
_ Hemangoendothelioma 1
Lymph Node [

Hemangioendothelioma 1

a/ Number of mice with the lesion. I!

ear
•LL

S17

1.6II

ii

h[
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VI. GENERAL DISCUSSION AND CONCLUSIONS

The toxic doses and effects in all species tested, and the impli-

cations for human effects, are discussed below.

I!
A. Toxic Poses

In dogs, there was a small, dose-related incidence of minimal met-
hemoglobinemia after oral administration of 1, 5 and 25 mg/kg/day.

In rats, the low dose (3.04 mg/kg/day in feed for males and 3.99
mg/kg/day in feed for females) had no effects; the middle dose (31.5 and

38.1 mg/kg/day, respectively) had slight toxic effects and the high dose
(363 and 434 mg/kg/day, respectively) was highly toxic, but not lethal.

Mice were less affected than rats. Both the low (11.1 mg/kg/day
in feed for males and 9.7 mg/kg/day in feed for females) and middle (115 and
96 mg/kg/day, respectively) doses had no effect. The high dose (1020 and 1060
mg/kg/day, respectively) was toxic, but effects were not as widespread and
severe as in the high-dose rats fed the same ration, even though the intake
of TNG in mice was considerably larger.

Two similar studies were reported in the literature. 2 2_23/ A

total of 50 male and 48 female rats were given 0.03% TNG in their drink-
ing water for 10 months, then observed for a further 8 months.22/ No
carcinogenic effects were observed. These rats consumed 31 mg/kg/day,
about the same as the middle-dose group in the present study. These re-
sults are compatible with ours. The companion study with mice 2 3/ used
doses up to 58.1 mg/kg/day, somewhat less than our middle dose. The only
adverse effect seen with TNG was the occurrence of pituitary tumors in
five females given the high dose of TNG, and in no other mice. These
results are statistically significant (p = 0.006, exact analysis of con-
tingency table for the females). We found pituitary tumors in only the
low-dose mice (in one male and five females). It is probable that both
of these results represent random variation, because of the inconsistency
between the sexes and the lack of a dose-respoxise relationship.

B, Target Organs

TNG had some non-specific effects on weight gain, feed consumption,
and behavior. The target organs included the blood, liver and testis.
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1. Non-Specific Effects

In the high-dose groups of both rats and mice there were decreases
in weight gain and smaller decreases in feed consumption, especially in the
first weeks of the stuuy. After some months, it was apparent that these high-
dose rodents were not grooming normally; their fur was rough, matted and a
non-descript tan color. The mechanism of these effects is not known, but a
mild sedation or central nervous system depression, either direct or due to
hypoxia from the blood effects, could account for these observations.

The doses used did not significantly increase mortality. In fact,
the large dose decreased mortality somewhat in the rats. The decreased weight
gain could be a partial cause of this effect, since the high-dose rats were
not emaciated. The weight difference was largely due to fat; the high-dose
rats did not have tLe gross obesity characteristic of rats fed ad libitum.

2. The Blood

Methemoglobinemia was seen in all specie!. This was the only effect
observed in dogs. This well-studied effect14/ is produced by most organic
and inorganic nitrates and nitrites. These compounds, or probably, their
nitrosamine and hydroxylamine reduction products, oxidize the iron in hemo-
globin, producing methemeglobin. Within limlts, th. body can correct this
effect. This was seen in dogs after large oral doses of TNG.I/ Inborn de-
ficiencies in metabolism, such as glucose-6-phosphate dehydrogenase defi-
ciency,15/ or high levels of the poison can overwhelm the normal protective
measures, producing numerous secondary effects.

One common sequela of methemoglobinemia is the formation of aggre-
gates of ill-defined degradation products in the erythrocytes, known as Heinz
bodies. Heinz bodies are readily detected by staining and were seen in the
rodents. Another sequela to excessive methemoglobinemia is anemia, due to
destruction of degraded hemoglobin. In the preRent study, a "compensated
anemia," a reticulocytosis with normal erythrocyte counts, occurred. The
erythropoietic system increased production (as indicated by an increased pro-
portion of immature cells, reticulocytes) enough to compensate for increased
destruction. The high-dose rats sometimes had a higher erythrocyte count than
the control rats.-- This probably was a hemoconcentration due to variation in
body water, rather than the formed elements of the blood.

An unusual sequela of the methemoglobinemia seen in rats and mice
was the occurrence of deposits of granules of pigment, typically golden-brown,
in the liver, spleen and, occasionally, other organs. This pigment was not
hemosiderin, because it did not react strongly to Prussian blue staining, but
it is presumably a closely related degradation product of hemoglobin.
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3. Liver

In almost all high-dose rats, there was hyperplasia of the bile
dicts, often highly fibrous, known as cholangiofibrosis. In some rats, this

S~was massive, resulting In extreme hepatomegaly.

Another effect seen in high-dose rats was the progressive develop--
ment of hepatocellular carcinoma, a pattern seen with other chemicallR1-79187

having completely different structures. The middle-dose rats had an increasea
incidence of the first stage of the progression (foci or areas of altered, hy-
perplastic hepatocytes), but most did not live long enough to develop the
intermediate stage (neoplastic nodules), much less full-bloom carcinomas.
This was the only adverse effect observed in the middle-dose rats.

4. Testis

High-dose male ts developed interstitial cell tumors of the tes-
tis. The pressure of the growing tumor on the seminiferous tubules produced
a secondary sterility. A similar secondary sterility was apparent in the
three-generation reproduction study because the testes had an increase in
the interstitial tissue.

5. Spontaneous Tumors

In this strain (CdS) of rats, the most common spontaneous tumors
are the pituitary adenoma and wammary tumors. 16/ The high-dose rats had
significant decreabes in the in•cidence of both types of tumors. The mech-
anism is unknown. Sinco thegp tumors are the mist frequent causes of un-
scheduled deaths, this decrease was probably the major csupe of the in-
creased longevity of the high-dose rats, especially the females.

C. Special Studies

No direct toxic effects were seen in the various special studies
in rats including immunoglobin E assay, three generation-reproduction, muta-
genesis and metabolism. However, indirect toxicity from the testicular ef-
fect and malrutritlon was seen in the reproduction study.

P, Human Correlationi

1. Toxfc Effects

The tcxic symptom nor tt i.y expectcd from human occupational expos-
ure 2 4/ and therapeutic use-25/ is a severe, throbbing headache due to dilatiot,

of the cronial blood vessels. These studies cannot vrovide dVrect evidence
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I
of headache. However, behavioral studie2s2 6' show some effects, particularly I
an aversion for TNG-dosed water, which could be explained by a TNG-induced
headache. In addition, the decreased feed consumption observed in the pres-

ent study during the first weeks could be a similar aversion. This aversion
was, presumably, overcome by the well-known development of tolerance24/ or
even physiological dependencea27/ in the vasculature.

We could not find any reports of human toxicity other than those
on the vasculature (headache, postural hypotension) and production of met-

hemoglobinemia, nausea, vomiting and occasional hypersensitivity reactions.

None of these observations seem related to the hepatic, testicular and tumor-

reduction effects seen in rats.

2. Dose Relationship 7
Severe toxicity, including oncogenesis, was seen only in the

high-dose rats, receiving about 400 mg/kg/day of TNG in the feed. This
dose is about 3-1/2 orders of magnitude greater than the usual maximum

human dose (10 mg/man/day or 0.14 mg/kg/day21/). Furthermore, the usual
dosage route in humans is sublingual. 24 / Only a fraction of the human
dose will be immediately delivered to the liver while in rats the portal
circulation carries all the absorbed TNG to the liver. Thus, the dose
delivered to the liver of the high-dose rats was at least 10,000-fold --

greater than the maximum dose delivered to human liver. Since minimal

effects were seen in the middle-dose rats (35 mg/kg/day) and none in the

low-dose rats (3.5 mg/kg/day), it is not surprising that no TNG-induced
tumors have been reported in the human liver.

E. Water Quality Criteria

1. Rationale: Water quality criteria are used to estimare the

amounts of noxious compounds in ambient water which will not be hazardous

to the human population. The EPA has developed methodology.L9/ for the
determination of these criteria. We will use our data on TNG to assess
the risk to humans. Of the effects of TNG discussed above, the critical

one is carcinogenicity.
4.

As a matter of policy, the EPA uses the "one-hit model" to Yv-

trapolate animal carcinogenic data to man. This model, expressed mathe-

matically as:

P =I -e-BD,

assumes that one molecule of a carcinogen delivered to the proper active
site is adequate to initiate the irreversible process of carcinogenicity. I
Therefore, the probabilsty (P) of an individual developing a tumor is a
function of the dose (D) and the slope (B) of the dose-response curve, a

measure of the potency of the subject carcinogen.
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From the above chronic studies, the following data are available:

nt, the number of animals exposed to the lowest dose that produced tumors
at a level significantly higher than controls, using the Fischer exact

test at the p < 0.05 level of significance; d, average dose per unit of
time (mg/kg/day) during administration of the chemical; NT, the total
number of animals exposed to the selected dose level; NC, the total number
of control animals; nc, the number of control animals with the tumor type
studied; Le, the maximum lifespan for the test animal (i.e., 6 weeks from
birth to start of dosing, then 2 years of dosing); le, the actual maximum
time of exposure for test animals; w, average weight of test animals in
kg. These data are then converted to parameters applicable to humans,using the expanded model:

P-p + (I- P).(l-e-t3BD)Pt Pc

where P, and P are the proportion of tumors in treated and control animals,
respectively, and t is the ratio of test animal lifespan to human lifespan.

The human dose is considered to come from direct consumption of 2 liters of

contaminated water each day and from the consumption of 0.0187 kg/day of
fish (T) from the contaminated water. The TNG intake from the fish is de-.

30/rived from the bioconcentration factor (R) calculated by Mr. J. G. Pearson.-
From these data we can calculate the dose associated with a given Pt

2. Calculations: The first step is determining the lowest dose
group with a statistically significant tumor increase. These are listed
in Table 100. Since we have effects in both sexes we calculate the criteria
from the data set with the lowest dose - the males. The data used are sum-

marized in Table 101.

3. Conclusion: Because TNG has carcinogenic effects, an ambient
water concentration of zero is necessary for maximum protection of human

health. However, exposure to 28.91 ug/liter for a lifetime produces an
estimated risk of 10-5 (one in 100,000) that a tumor will develop in man.

A decrease of the concentration to 2.89 pg/li.ter would reduce
risk to 10-6, and further reduction to 0.29 ug/liter would reduce risk to
10-7.
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TABLE 101

DATA FOR WATER QUALITY CRITERION FOR TNG

Data:

nt 13
SNT 21

!nc 0

NC 24

Le (week) 110

le (week) 104

d (mg/kg/day) 363

w (kg) 0.530

L (week) 104

R 9.75
F (kg) 0.0187

'1 7

I.
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HEMATOLOGY. CLINICAL LABORATORY TESTS, HISTOPATHOLOGY,
STATISTICAL ANALYSIS. AND NORMAL VALUES

[I HE4ATOLOGY AND CLINICAL LABORATORY TESTS

The usual blood sample from dogs is 8 ml, from monkeys 4 ml, and

from rats 0.3 ml for hematology and about 8 ml for full analysis at termin-
ation.

A. Hematology

The following hematological analyses are performed on all blood

samples from rats, dogs and monkeys.

1. Erythrocyte and leukocyte counts: A Coulter Electronic
Particle Counter with 100 g aperture is used.J/ Particle-free diluents
(Isoton for RBC, Zap-Oglobin in Isoton for WBC, Coulter Electronics, Inc.)
are counted to establish the background. Each blood sample is counted in
duplicate. For each test day, two control blood samples (Diagnostic
Technology, Inc.) are counted separately in duplicate.

2. Hematocrit: Hematocrit is determined in capillary tubes

using a microcapillary centrifuge (International Equipment Company, Model

MB). Two control blood samples (Diagnostic Technology, Inc.) are measured
separately in duplicate.

3. Hemoglobin: Hemoglobin is measured as cyanomethemoglobin.-i
Each blood sample is measured in duplicate. Cyanomethemoglobin (Coulter

Electronics, Inc.) is used as the standard. For each assay, two levels of

the standard are used and two control blood samples (Diagnostic Technology,
Inc.) are measured in duplicate.

4. Methemoglobin (Met-Hb): Met-Hb is measured by the method of
Dubowski.3/ A positive control is made by adding potassium ferricyanide
to control blood.

5. Heinz bodies: Heinz bodies are stained with methyl violet and
the percent of Heinz bodies is calculated.

6. Mean corpuscular volume (MCV): MCV is calculated as follows:

( MCV (•3) - Hematocrit x 10
* Erythrocytes in millions/mm3
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32
7. Mean corpuscular hemoglobin (MCHb): MCHb is calculated as

follows:

MC~b (•8) - Hemoglobin (Lm 2) X 10I
Erythrocytes in millions/imm 3

8. Mean corpuscular hemoglobin concentration (MCHbC): MCtbC I
is calculated as follows:

MCHbC (gm Z) Hemoglobin (am Z) x 100
Hematocrit

9. Differential leukocyte counts: Wright's stain is used to
stain the leukocytes for examination.

10. Reticulocyte count: Reticulocytes are counted by the methy- I
lene blue method using the Miller disc.4-/

11. Platelet count: A Coulter Electronic Particle Counter with i
70 A aperture is used.-- Particle-free Isoton is used as diluent and
counted to establish the background. At weekly intervals, platelets are

also visually counted in a hemocytometer with a phase microscope for I
comparlson.67

12. Clotting time (do& and monkey): Clotting time is determined
by the capillary tube procedure using two capillary tubes.2/ The time
elapsed from the appearance of the blood from the animal and coagulation -

in either tube is measured. L

B. Clinical Blood Tests

The following clinical blood chemistry tests are performed on
all blood samples from dogs and monkeys and on blood samples from rats
at termination.

1. Blood glucose: Fasting blood glucose is determined by Stein's 1•
hexokir'ase method.-/ Standard glucose solution (Dade) is used to establish
a atandtard curve. For each assay, one level of the standard and two con-
trols (Reference Serum, Worthington; and Validate, General Diagnostics) are
mec:sur..ad.

2. Serum glutamic-oxaloacetic transaminase (SGOT): SCOT is
measuired by the method of Amador and Wacker.9!/ Validate and Reference

Serum are used as the enzyme reference for each assay.
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3. Serum zlutamic-pyruvic transaminase (SGPT): SGPT is measured
by the method of Henry et al.I0/ Validate and Reference Serum are used as
the enzyme reference for each assay.

4. Alkaline phosphatase: Alkaline phosphatase in measured by
the method of Bowers and McComb.LI/ Validate and Reference Serum are used
as the enzyme reference for each assay.

5. BUN: BUN is measured using the BUN Strate Kit (General Diag-
nostic) which is based on the urease method.12/ Three levels of Calibrate
(General Diagnostics) are used to establish a standard curve. For each
assay, two controls (Calibrate I and Validate) are used as the reference.

6. Creatinine: Creatinine is measured by a modified kinetic
alkalt-n r.-zrate procedure.13/ Creatinine Standard Solutions (Sigma Chemi-
cal Company) are used to establish a standard curve. For each assay, two
levels of the standard and two controls (Calibrate I and Validate) are
used as reference.

7, Lactate dehydrogenase (LDH): LDH is measured by the method
of Wacker et al.l-I Prec:Lnorm E and Precipath E (Boehringer, Mannheim
Corporation) are used as the enzyme controls for each assay.

8. g-ydroxybutyrate dehydrotgease (a-HBDH): a HBDH is measured
by the method of Rosalki and Wilkinson.AlI Precinorm "E and Precipath E are

used as the enzyme controls for each assay.

9. Creatine phosphokinase (CPK): CPK is measured by the improved

procedure of Rosalkt 1 6 / based on the methods of Oliver.L7U/ Precinorm E and
Precipath E are used as the enzyme controls for each assay.

C. Urinalysis

Urine samples are collected from animals before and during treat-

ment as are the blood samples. The urine from rats is collected by slight

manipulation of their body, and samples within each group are pooled. The

monkeys and dogs are placed individually in metabolism cages, and urine is

collected in the stainless steel pan. The urine from each dog and the pooled

urine from rats are tested and examined for the following:

1. Protein: Urinary protein is determined with Labstix (Ames

Company, Elkhart, Indiana).

2. Sugar: Urinary glucose and reducing substance are determined

with Labstix (Ames Company).
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3. Microscopic examination: Urine samples are centrifuged aud

the supernatant discarded. The residue is resuspended and examined micro-
scopically for the presence of erythrocytes, leukocytes, epithelial cells,
and crystals under high power field and for casts under low power field.

A positive urine control prepared with known amounts of protein
and glucose in saline adjusted to pH 6.0 is run with each assay to check
the reliability of the Labstix.

D. Occult Blood in Feces

Fecal samples are collected from animals before and during
treatment as are the blood and urine samples. Occult blood in the feces
is determined with Hematest Reagent Tablets (Ames Company, Elkhart, Indiana).
A positive control (whole blood) and a negative control (distilled water)
are included with each assay to check the reliability of the Hematest
tablets.

E. Precision of Hematology and Clinical Blood Chemistry Tests

1. Reproducibility

For erythrocyte and leukocyte counts, hematocrit, hemoglobin, and
the various clinical blood chemistry tests, the same control blood samples

or control standards are used for day-to-day assays. The replication of
results are excellent and are summarized in Table A.

The determination of differential leukocyte counts and reticulocyte
counts are performed by experienced personnel. At weekly intervala, a blood

sample is counted by two or more personnel to confirm the accuracy of the
counting. Also at weekly intervals, the platelet counts obtained from a
Coulter Electronic Particle Counter are compared with the direct visual

counts in a hemocytometer using a phase microscope.

2. ReproducibilILY Within a Test DRy

At monthly intervals, a blood sample is taken from a control dog
and six or more determinations for erythrocyLe, leukocyte, reticulocyte,
and platelet counts, hemoglobin, and various clinical, blood chemistry tests
are performed to establish th. reproducibillty within an assay. The results
are summarized in Table B.
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3. Proficiency Test Service

We subscribe to the Proficiency Test ,arvice of the Institute
for Clinical Science, Hahnemann Medical College, Philadelphia, Pennsylvania
(F. Wm. Sunderman, M.D., Director). On the first day of each month, this
service sends two samples containing two different sara or solutions to all
subscribers for measurements of one or more of the parameters usually analyzed
in clinical laboratories. Participants report their results on a form fur-
nished by the service. On the 15th day of the month, each participant re-
ceives a report from the service which includes: the results of a statistical
analysis of the values reported by all the participating laboratories; a
current review of pertinent methodology; a comprehensive bibliography; and
validation of the results which the participating laboratory reported. This

v! service enables each participating laboratory to obtain an unbiased and criti-
cal assessment of its proficiency in relation to that of 1,000 or so other
clinical laboratories throughout the country. The service has been in con-
tinuoue operation since 194.9 and. was given endorsement by the American Society
of Clinical Pathologists in 1952 and by the Association of Clinical Scientists
in 1957 and 1968. Our results have been found to be satisfactory and are

summarized in Table C.

Ii. H ISTOPAYHOLOGY

* , A. Necropsy and Gross Examination

At termination or prior to immirnent death, rats art killed with
"ether, and dogs and monkeys with an overdose of sodium pentobarbital. Animals
that die on tests are~kept refrigerated but not frozen until necropsy. The
general physical coodition nnd nutritional status of each animal at the time
"of death or termination are observed and recorded. Necropsy is performed as

f soon as possible after death. Gross changes of all tisoues are carefully
examined and recorded.

It. 21gan Weights

The brain, liver, spleen, kidneys, adrenals, thyroids and gonads
are trimmed free from surrounding tissues and weighed. The organ weight tou• t"ody weight and/or brain weight ratios are then calculated.
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C. Tissues for Microscopic Examination

Tissues to be examined include the eye, 3kin (breast), trachea,I
lung, tongue (except rat), salivary gl~l, liver, gallbladder (except rats),
pancreas, esophagus, fundic and pyloric stomach, duodenum, jejunum, ileum,
cecum, colon, kidneys, urinary bladder, gonads, and accessory organs,

diaphragm and gracilis muscle, anterior pitu-4tary, thyroids/parathyroids,
adrenals, tonsil (except rat), thynus, spleen, prescapular (except rats)
and mesenteric lymph nodes, rib bone with bone marrow, brain (sagittal
section for rats; coronal sections of cerebral cortex, cerebellum, and r.

brain stem for dog and monkey), spinal cord (I-umbbOacral plexus, dog and
monkey), sciatic nerve and any other structures not +.-ntinned which show
abnormal gross changes.

D. Fixation and Staining of Tissuee

All tiasues are cut not to exceed 1 cm in thickness for fl.,.ation.For most tissues, neutral buffered 10% formalin in used. Sufficient volume Iof fixing solution it uted and the tissues are changed to a fresh solution

after 24 hours. The fixed tissues are processed in an Autotechnicon for
dehydration, clearing, and infiltration and then embedded in paraffin.
R outine H & E staining is used to stain the sectionod tissues for micro-

l ~scopic examination.

Supplementary tissue fixatives and staining t3chniques may be
employed for more positive identification of special lesions ouch as calci-
fication, pigments, fat deposition and other abnormal changts.

+IJ 1It. STATISTICAL ANALYSIS

Data are analyzed Rtatistically using the Dunett's multiple cow-
parison procedure following an analysis of va.iance,1-/ or our modification
of this proc.rdure for uneven numbers among groups. The chosen criterion
significanue is p < 0.05. The means of each group at various intervals
dur•ng treatment are compared with pretreatment levels. For most experi-
men•ts in-beagles, three ',aseline (pretremtment) levels are obtained. The
baseline levels for each animal are av-raged and the mean is wied in the
analysis, In addition, the means of '-he varioua treated groups are oompared
with tha.t of the control group at the respective time intervals.
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IV. NORMAL VALUES

A. Hematology, Clinical Laboratory Tests and Bone Marrow

Since June 1971, we have used about 180 rhesus monkeys (Woodard
Research Corporation, Herndon, Virginia, Primate Imports, Port Washington,
New York, and PrimeLabs, Inc., Farmingdale, New Jersey) for various studies.
The peripheral blood elements and clinical blood chemistry values of theseP monkeys before treatment and the myeloid/erythroid (M/E) ratio of the bone
marrow of the monkeys used as normal controls varied among individual ani-
mals. The mean ± S.D. and the range of the various parameters for the males
and females are summarized in Tables D and E, respectively.

t jSince September 1971, we have used about 525, 5 to 9 months old,

beagles dogs (AKC registered, Hazeltorn Research Animals, Inc.). The periph-
eral blood elements, clinical blood chemistry values and the M/E ratio of
the bone marrow varied considerably among individual dogs. The mean + S.D.
and the ranges of the various parameters for the males and females are
summarized in Tables H and I, respectively.

U •During the same period, we have used about 500, 7 to 10 weeks old,
male albino rats (CD@ Strain, Charles River Breeding Laboratories). As
for the dogs, the individual variations of the peripheral blood elements,
"clinical blood chemistry values and Lhe M/E ratio of the bone marrow were
large. The mean ± S.D. and the ranges of the various parameters for these
male rats are summarized in Table L.

B. Absolute and Relative Organ Weights

Organ weighs, both absolute and relative to body weight, of
rhesus monkeys, beagle dogs, and albino rats are summarized in Tables F
and G, J and K, and M, respactively. These were control animals used be-
tween June 1971 and December 1976.

C. P-:esence of Various Substances 'n Cne Urine

; Various r~ubstancis occasionally occurred in the urine of monkeys,
d'ogs and rats. The results are summarized in Table N. Large percentage of
"urine samplez from monkeys contained epithelial cells, i.e., 34.7% to 52.0%.
Other suLstances occurred in 8.1% o- less of the urine samples.

In dogs, protein, erythrocytes, leukocytes and epithelial cells
were present in 1.l to 21.6%, 16.5 to 19.8%, 22.6 to 24.6% or 24.7 to 25.7%,
respectively, of the samples from dogs collected for analysis. Glucose,
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crystals, and casts occurred in less than 2% of these samples. Some dogs
had been bled and returned to the metabolism cages before the urine was
removed for analysis. The high incidence of some of these substances in
the urine of these dogs might be due to contamination with the fecal material
and traces of blood dropped in the cage. Special care to avoid contamination
has been undertaken.

In rats, large percentage of urine samples contained protein, i.e.,

29.8 to 36.02. A few samples contained erythrocytes, leukocytes, epithelial
cells and crystals.

D. Occult Blood in the Feces

Less than 10% of the feces samples from monkeys or dogs was positive
with the Hematest for occult blood. The results are summarized in Table 0.
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TABLE A

REPRODUCIBILITY AMONG TEST DAYS ON THE L
SAMHE CONTROL SAMPLES OR STAhDARDS-a'

No. of L
Determinations Mean ± S.D. Range

Erythrocytes (x 10 6 /rm 3 )
Normal level 20 4.51 ± 0.07 4.36 - 4.67
Abnormal level 20 2.32 * 0.04 2.25 - 2.40 [

Hematocrit (vol Z)
Normal level 20 44.3 k 0.40 44 - 45

Abnormal level 20 22.8 _ 0.60 22 - 24 L
Hemoglobin (gin %)

Normal level 20 14.2 * 0.20 13.6 - 14.5

Abnormal level 20 7.4 ± 0.20 6.9 - 7.8 1
Leukocyte Counts (x 10 3 /-n 3 )

Normal level 20 7.3 + 0.50 6.8 - 8.7
Abnormal "vel 20 17.6 ±0.80 16.3 - 18.7

Fasting Blood Glucose (mg %) 20 163.0 ± 7.5 151 - 178
SGOT (ID/i) 23 61.7 ± 3.9 55 - 68
SGPT (IU/1) 23 51.3 ± 2.6 46 - 55
Creatinine (mng 2) 18 2.2 ± 0.3 1.6 - 2.6
BUN (mg %) 19 9.8 * 0.2 9.5 - 10.2
Bilirubin (mg 2) 11 0.8 ± 0.1 0.8 - 1.0
Alkaline Phosphatase (IU/1) 22 71.6 ± 5.4 62 - 80

CPK 11 153.0 ± 7.7 139 - 161
LDH 8 98.0 2.4 95 - 101
HBDH 8 226.0 * 7.2 214 - 238

a/ Performed in December 1976.
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I TABLE B

REPRODUCIBILITY WIThIN A TEST DAY
ON THE SAME SPECTMEN.af

Mean * S.D.b/

Erythrocytes (x 10 6 /mm3 ) 5.90 + 0.14 5.73 - 6.08rReticulocytes (2) 0.63 ± 0.12 0.44 - 0.79
Hematocrit (vol %) 46.8 ± 0.6 46.0 - 47.5
Hemoglobin (gin %) 16.1 * 0.2 15.8 - 16.1
Platelets (x 10 5 /mm3 ) 1.56 ± 0.07 1.49 - 1.66
Leukocytes (x 10 3 /mM3 ) 10.8 * 0.4 10.2 - 11.3

Bands (%) 0 ±0 0 - 0
SAeutrophils (M) 64.3 * 3.1 61 - 69

Lymphocytes (2) 29.0 ± 4.9 23 - 35
Eosinophils (2) 3.2 ± 0.8 2 - 4

L Basophils (0) 0 0 - 0

L Monocytes (M) 3.4 ± 0.9 3 - 5
Atypical (Z) 0 0 0 - 0

IF Nucleated RBC (2) 0 ± 0 0 - 0
Methemoglobin (gin %) 0 * 0 0 - 0
Fasting Glucose (mg %) 96.7 ± 3.0 32 - 101
SGOT (iU/P) 23.2 * 2.8 21 - 28
SGPT (IU/1) 25.3 ± 2.1 24 - 28
Creatinine (iag 2) 0.6 ± 0.1 0.5 - 0.6

"" BUN (mng %) 9.0 ± 0.0 9 - 9
SAlkaline Phosphatase (IU/1) 63.5 + 1.1 62 - 65

CPK 44.0 ±1.6 43 - 46
I. LDII 38.5 ± 1.6 37 - 40

HBDH 42.0 ± 1.6 40 - 43

a/ Performed in October 1976.
b/ Six determinations from an adult beagle blood sample.

1
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TABLE C

PROFICIENCY TEST SERVICS (PTS) REPORTS (1975-1976)1' /I

Participating

Laboratories
MRI PTS (10-90 Percentiles) Acceptable

Unknowns Results Result# Median Mean Performanceb/

Hemoglobin 13.8 gm 2 13.8 13.8 13.8 13.6 - 14.0
18.1 gm % 17.9 17.9 17.8 17.6 - 18.2

Serum Protein 6.6 mg X L. 7.0 7-0 6.7 - 7.3

Fasting Glucose 272.0 Eg X 2634.5 266.0 263.0 240 - 290 1 1
229.0 mg 2 221.4 220.5 222.5 200 - 240

BUN 12.1 mg 2 12.0 12.0 12.2 11.0 - 13.0

38.4 mg 2 40.1 40.3 39.2 36.0 - 44.0

Creatinine 1.0 mg Z 1.0 1.0 1.0 0.8 - 1.3[
4.3 mg 2 4.4 4.5 4.4 3.9 - 4.9

Bilirubin 3.9 8g % 4.16 4.15 4.14 3.5 - 4.6
1.3 mg Z 1.78 1.80 1.77 1.5 - 2.1

Cholesterol 175.0 mg 2 161.4 161.0 162.0 145 - 175
100.0 mO 2 109.8 109.4 111.0 98 - 120

Ca 15.7 meq/1 15.4 15.4 15.3 14.1 - 16.4
9.5 meq/f 9.8 9.8 9.8 9.2 - 10.3

Na 156.0 meq/f 155.8 156.0 155.5 153 - 158

K 7.3 meq/1 7.5 7.5 7.5 7.3 - 7.7

Cl 96.0 meq/i 97.8 98.0 97.5 96 - 101
78.0 meq// 79.4 79.0 80.0 77 - 83

Mg 1.0 meq/f 1.1 1.1 1.2 0.9 - 1.4
1.9 meq/j 2.0 2.0 2.1 1.8 - 2.3

a/ To date, we have received unknowns for phosphorus, uric acid, and serum
iron. We do not routinely perform these determinations,

b/ Based or values subrmitted by participants by 10th of month.
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TABLE F

ABSOLUTE AND, R,1.TIVE ORi.AN WEIGHTS OF MALE RHESTJS MONKEYS-/

Absolute

[: Oran Waeiht mean ±," S.D. g

Liver (sn) 82 ± 17 64 - 122
Spleen (gim) 4.6 t 1.8 2.0 - 9.3
Kidueys (gin) 15.1 ± 3.8 8.0 - 22.0
Adrenals (gm) 0.73 ± 0.15 0.45 - 0.86
Thyroids (gm) 0.57 t 1.30 0.37 - 0.81
Testes (gm) 1.29 t 0.67 0.53 - 3.30

Relative (per kit body weight)-_

Mean ± S.D. Range

Liver (gmi) 23.4 .t 2.5 18.8 - 30.4
Spleen (gim) 1.25 ± 0.47 0.57 - 2.38
Kidneye (gmi) 4.13 ± 0.92 2.20 - 6.43
Adrenals (mg) 201 ± 44 129 - 254
Thyroids (0g) 154 ± 42 86 - 250
Testes (gm) 0.34 ± 0.11 0.18 - 0.53

a/ Data collected between September 1971 and December 1976 from 17monkeys weighing 3.71 ± 0.48 kg, used as control animals.
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TABLE G

ABSOLUTE AND RELATM ORGAN WEIGHTS 07 PDA rHESUS MMrEYS!!

Absolute
Organ WeIght Mean S D.

Liver (Wu) 83 ± 17 64 - 122
Spleen (go) 3.8 ± 1.4 2.0 - 6.0
Kidneys (gim) 14.5 ± 2.8 11.0 - 20.0
Adrenals (gu) 0.68 ± 0.16 0.53 - 1.14
Thyroids (gu) 0.60 ± 0.20 0.37 - 1.11Ovaries (gr) 0.28 ± 0.10 0.14 - 0.45

Relative (per ka body veight)
Mean ± S.D. Range

Liver (gW) 25.4 ± 5.8 19.2 - 37.4
Spleen (gm) 1.16 ± 0.49 0.60 - 1.89
Kidneys (gu) 4.40 ± 0.86 3.20 - 6.25
Adrenals (ag) 212 ± 80 138 - 438
Thyroids (mg) 173 ± 66 97 - 346
Ovaries (mg) 82 ± 28 43 - 140

a/ Data collected between September 1971 and December 1976 from 11
monkeys weighing 3.39 ± 0.58 kg, used as controls.

I!I
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i TABLE J

ABSOLUTE AND RRLAT1VE ORGAN WEIGHTS OF MALE BEAGLE DOGS-

_ _ Absolute --

OrganWeight Mean ± S.D.

SLiver (gm) 264 ± 51 166 - 384
Spleen (gm) 58 ± 25 22 - 167
Kidneys (gin) 53 ± 10 32 - 71
Adrenals (gm) 1.12 ± 0.26 0.74 - 1.75
Thyroids (gm) 1.03 ± 0.32 0.55 - 2.50
Testes (gin) 6.60 ± 4.36 1.32 - 18.00

Relative (per kg body weight)
Mean ± S.D. Range

Liver (gm) 27.9 4.2 19.6 - 42.3
Spleen (gin) 6.0 ± 2.0 2.8 - 12.5
Kidneys (gin) 5.6 ± 0.8 4.0 - 7.7
Adrenals (mg) 117 ± 25 70 - 165

Thyroids (mng) 108 ± 34 56 - 211
Testes (gin) 0.67 + 0.39 0.13 - 1.67

a/ Data collected between September 1971 and December 1976 from 51 dogs,
weighing 9.3 ± 1.8 kg, used as control animals.
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TABLE K

ABSOLUTE AM) RELATIVE ORGAN WEICWTS OF FEMALE BEAGLE DOGsa/

Absolute
Organ Weight Mean ± S.D. Ran--e 3
Liver (gmr) 218 ± 51 106 - 322
Spleen (gm) 48 ± 21 16 - 130
Kidneys (gin) 43 ± 9 24 - 71 ..
Adrenals (gin) 1.04 ± 0.26 0.49 - 1.65
Thyroids (gm) 0.88 ± 0.25 0.55 - 1.91
Ovaries (gin) 0.74 ± 0.24 0.38 - 1.27

Relative. (per kg body weigtt)
Mean 'k S.D. Range

Liver (gmn) 28.2 ±5.0 20.7 - 38.8
Spleen (gin) 6.0 ± 2.3 3.1 - 10.9
Kidneys (gin) 5.5 + 0.9 3.7 - 7.9a0
Adrenals (mg) 135 1 35 67 - 215
Thyroids (u.') 112 ± 21 75 - 219
Ovaries (ms) 96 ± 33 54 - 222

a/ Data collected between September 1971 and December 1976 from 49 dogs,
weighing 7.7 ± 1.5 kg, used as eontrol animals.

2i
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TABLE M

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE ALBINO RATSA/

Absolute
Organ Weight Men t S.D.

Liver (gm) 10.89 t 2.87 7.18 - 15.09
Spleen (gM) 0.65 ± 0.11. 0.34 - 0.89
Kidneys (gmi) 2.64 t 0.37 1.84 - 3.58
Adrenals (mg) 63.6 ± 9.5 21.9 - 73.5
Thyroids (mg) 26.3 ± 5.8 14.3 - 37.7
Testes (gmi) 2.98 ± 0.51 1.76 - 3.81

Relative (per 100 sm body weight)
Mean ± S.D. Range

Liver (gm) 2.96 ± 0.42 2.09 - 4.01
Spleen (gmi) 0.19 ± 0.08 0.10 - 0.30 U
Kidneys (gu) 0.76 ± 0.10 0.22 - 0.88
Adrenals (mg) 18.6 ± 5.8 5.8 - 22.4
Thyroids (rg) 7.6 ± 2.7 4.2 - 12.7 [
Testes (gm) 0.87 ± 0.15 0.23 - 1.09

a/ Data collected between September 1971 and December 1976 from 139 rats,
weighing 352 - 59 gmi, used as control animals.
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TABLE 0

PRESWCE OF OCCULT BLOOD IN THE MLCS OF MO

AND IDIALE MOUKS AND DOGS

Species: ,_, _..No_ _ _ _ys Doss
No. of Animals: 440a 8 ii8!' 30

No. of Collections. 44 48h/ 118 156b/

Occult Blood: Negative 90.9 (40)R/ 95.8 (46) 94.1 (111) 91.7 (143)

Positive 9.1 (4) 4.2 (2) 5.9 (7) 8.3 (13)

a/ Baseline data collected from all animals employed between July 1974 and

December 1976.
b/ Data collected at weekly intervals for 4-7 collections from controls

employed between July 1974 and December 1976.
c/ Percent of total (numbsr of samples).
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- I. INTRODUCTION

"The thalidomide catastrophe provides an unfortunate example of
-- the need for reliable information concerning the effects of agents on human

development. Prospective and retrospective epidemiological studies are the
only ethical procedures currently available to obtain this information in

- humans. There are, however, a variety of protocols available to obtain pre-
liminary developmental toxicity information in animals. This preliminiary
animal information can be used to form the basis from which it is possible
to evaluate the risk of exposing the human population to potentially toxic
agents.

-- The purpose of this manual is to describe the protocol used in
our laboratory to obtain developmental toxicity information. Sections,
in addition, are included which discuss both the statistical analysis and
intorpretation of the data. A working definition of common anomalies is
presented. These studies are based on "The Guidelines for Reproduction
Studies for Safety Evaluation of Drugs for Hluman Use" distributed by the
U.S. Food and Drug Administration, 1966, and "The Testing of Chemicals
for Carcinogenicity, Mutagenicity, and Teratogenicity" distributed by the

-- Ministry of Health and Welfare, Canada, 1973.

II. PROTOCOL FOR STUDY OF DEVELOPMENTAL TOXICITY

A. Fertility and General Reproductive Performance Study

1. ObJectives

The emphasis in this phase is placed on determining the effect of
an agent on gonadal function, estrus cycle, mating behavior, conception
rates, and the early stages of development. This study serves as an overall
pilot screening of the agent on the entire reproductive process including
organogenesis, late stages of gestation, parturition, and lactation. The
results obtained from this phase serve as a guide for conducting subsequent
studies in greater depth.

2. Method

The rat is the animal generally used for this study and both males
and females are used to provide an adequate study of fertility. Male rats,
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I
at least 40 days of age, are treated for 60 to 80 days prior to mating
to determine if the agent affects spermtogenesis. Male animals from
subacute or chronic toxicity studies may b4 used and each male, from a group
of at least 10 animals, is brel with tvo non-treated females. Each male is I
exposed overnight to females in proestrus or early estrus until (1) a male
mates with two females or (2) a male is exposed, on at least three different
occasions, to a total of at least five receptive females. A female is con-
sidered receptive if there is an estrous vaginal smoar the morning following
exposure. This procedure minimWzes attributing male infertility to sexual
iexperience.I

Sexually mature female rats are treated for at least 14 days prior r
to mating with untreated. males. The stages of the estrous cycle are determined
by vaginal smears to verify that the animals cycle normally and to detect pos-
sible treatment effects on the duration of the estrous cycle. The occurrence of
copulation is established by daily vaginal inspection for the presence of
sperm. The day on which evidence of copulation is discovered is identified
as being day 0 of gestation. Confirmation of pregnancy, hovevrr, is not.
obtained until the animal is sacrificed on day 13 of gestation or delivers I
a litter at the end of gestation. Females treated prior to mating are
continued on the same treatment schedule until the time of sacrifice.

Half of the females from each group are sacrificed on day 13 of
gestation. The dams are examined for number of corpora lutea and implan-
tation sites, number and distribution of embryos in each uterine horn, pre-
sence of empty implantation sites, embryos undergoing resorption, and any
abnormal conditions. The following parameters are determined:

a. Number of viable litters (litters with one or more
viable implants)

b. Corpora lutea/damI

c. Total implants/dam
d. Viable implants/dam.

e. Indexes of
(1) Fertility: confirmed prgnancirps/sperm positive

females

(2) Gestatio- confirmed pregnancies with viable
fetuses/confirmed pregnancies

"(3) =mplantation: implants/corpora lutes .i:
(4) Implant viability: viable fetuses/implants

The remaining dams are allowed to deliver and the litters are examined at
birth, day 4, and day 21. The litters are examined for number, weight,
mortality, and abnormalities of the pups. The following parameters are

determined:T



a. Number of viable litters (litters with one or more;- viable pups)

b. Pups/dam
c. Weight of pups
d. Indexes of

(1) Fertility: confirmed pregnancies/sperm positive
females

-- (2) Gestation: confirmed pregnancies with viable
fetuses/coutnirmed pregnancies

S4 (3) Implant viability: viable pups/implants

(4) Viability: pups #live at day 4/pups alive at birth

(5) Lactation: pups alive at day 21/pups alive at
day 4

B. Teratoloal Study

1. Objectives

SThe objective of thi' phase is to determine if an agent has a

potential for producing embryotoxicity and/or teratogenicity. Treatment,

- therefore, iv restricted to the period of organogenesis. Dosage may be

high during this brief treatment period in order to obtain results con-

cerning teratogenic potential and risk. A

2. Method

: - Two species of animals are employed in this test. The species most

* frequently used are the mouse, rat, and rabbit. Drug treatment covers the

period of organogenesis which is day 6 through 15 of. gestation for the mouse

- and rat and day 6 through 18 for the rabbit.

Sexually mature virgin mice are obtained from reputable suppliers

and conditioned in our animal quarters for 10 days. The conditioning period

permits the animals to stabilize and establish regular estrus cycles of 4 to

5 days in duration. Females are placed overnight with a non-treated proven
male breeder and examined the next morning for evidence of copulation.

Successful mating is identified by the presence of a vaginal copulatory plug.

The day that plugs are discovered is identified as day 0 of gestation. Mice

are sacrificed on day 18 of gestation for fetal examination.

Sexually mature virgin iemale rats are obtained and conditioned as

previously described for mice. Females are examined by vaginal lavage late

in the afternoon for signs of proestrus (75-90% of nucleated epithlial cells).

-v Females in proestrus are placed overnight with an experienced male. The

following morning, females are examined for sperm or the presence of a vaginal
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plug. The plug, however, is not as reliable an indicator of successful
matiAg in rats as it is in mice. Rats are sacrificed on day 20 of gestation
and examined for fetal anomalies.

Virgin female rabbits, 6 to 8 months of age, are obtained from com-
mercial sources and are conditioned for 18 days in our animal quarters.
Ovulation is induced by the intravenous administration of 1 mg/kg pituitary
lutenizing hormone. Females are artificially inseminated within I hour by
the method of Gibson, et al.1/ Fetuses are delivered by cesarean section
on days 27 to 26 of pregnancy and examined for anomalies.

Mouse, rat and rabbit dams are sacrificed by CO2 anesthesia prior
to delivery since many animals tend to cannabilize their defective offspring.
A laparotomy is performed and the uterine horns are exposed. The number of
corpora lutes and number and position of live, dead, and resorbed fetuses is
recorded. The umbilical cord is clamped and severed distally in order to
prevent blood loss. Fetuses are removed, weighed and immediately examined
by experienced personel for external anomalies as fully described by Wilson..! /

One-half of the rodent fetuses from each litter are dissected and
examined for soft tissue anomalies by the free-hand slicing method of Wilson.2. !
Each fetus is fixed in 20 to 25 ml of Bouins fluid for 2 weeks. The hardened
fetuses are examined for external anomalies and serially cut from the head
through the trunk into I mm thick sections using a sharp r•-or blade. No I
slices are made beyond the kidneys and the intestines are carefully removed L

from the pelvic cavity. The cross sections of the fetuses and the genito-
urinary organs on the pelvic floor are carefully examined by experienced per- L
sonnel. The remaining fetuses from each litter are processed for skeletal
examination. Fetuses are fixed in 707. alcohol for 7 weeks and eviscerated.
The fetuses are stored in 1%. KOH for 2 days and then stained with alizarin
red. 23 After differential decolorization, the skeletons are examined by
experienced personnel for anomalies. For rabbits, all fetuses are examined
for both soft tissue and skeletal defects.

C. Perinatal and Postnatal Study

1. Objectives

The purpose of this phase of the protocol is to determine the effect
of drugs administered during the last third of pregnancy and the period of
lactation. The specific areas of study are the drug effects on late fetal
development, labor and delivery, lactation, neonatal viability, and growth of
the newborn.
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2. Method

The conditioning, mating, and establishment of pregnancy in rats and
mice are as previously described. The drug is administered to the dam during

the final one-third of gestation and continued throughout lactation to wean-

ing. The test compound is Lcorporated into the diet and a pair-fed control

group, whose food intake is limited to the least amount of food consumed by

the treated group, is included in the study. Treatment in rats and mice is

initiated on day 16 of gestation and continued until the pups arc weaned at

- 21 days of age. Labor and delivery are observed whenever possible and any

signs of abnormal, prolouged, or delayed labor are carefully noted. The

duration of gestation is calculated for each mother in all groups. The lit-

ters are examined as soon as possib13 after delivery, and at 4 and 21 days of

age. The examination of the pups is conducted with a minimum disturbance of

the mother. The following information is recorded for all the litters in

"- each group:

a. Litter size
"b. Number of stillborn and live born

c. Anomalies of dead and live pups

d. Number and weight of pups at 4 and 21 days of age

e. Indexes of
(1) Fertility: confirmed pregnancies/sperm positive

females

(2) Gestation: confirmed pregnancies with viable

fetuses/confirmed pregnancies

Viability: pups alive at day 4/pups alive at birth.

(4) Lactation: pups alive at day 21/pup alive at day 4

III. STATISTICAL ANALYSIS OF DATA

Two important considerations in performing a valid statistical

analysis are the determination of the sample size and the selection of
appropriate stati3tical tests. In a study of developmental toxicity
the sample size is determined by the selection of experimeuttal units. The

litter, rather than individual fetuses, is considered to be the unit of
observation for our studies since the dam is the unit of treatment and the

"fetal response is dependent, to some degree, on maternal influences.

S..The data collected fall into :-wo categories. The first category
is enumeration or discontinuous data. Examples of discontinuous data are

the number of sperm positive animals with evidence of conception, mortality,
and indexes of fertility and gestation. The Fisher Exact Probability Tesa/
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is the test of choice to evaluate the significance. Such enumeration data
are reported with the exact 957 confidence limits.

The second category is quantitative or continuous data. Examples
of continuous data are body weight, food consumption, and the remaining in-
dexes. Such quantitative data are reported as the mean h the standard error
(S.E.). These data are analyzed by Bartlett's test- for homogeneity. The
tests of significance for homogeneous data are either Dunnett's procedure
(one control group) or Tukey's omega procedure (more than one control group). 0
If heterogeneity is indicated, then significance is based on multiple com-
parisons with the nonparametric rank test../. The level of significance is4

selected as P < 0.05.

IV. INTERPRETATION OF DATA

A. Phases of Fetal Development

The development of an adult organism from a single cell may be'
divided into aix phases.7/ The first phase of development, gametogenesis,
involves the growth and maturation of the egg and sperm. The gametes iuse
during the second phase of development and the quiescent egg is activated to
continue its developmental program. Cleavage, the third phase of development,
encompasses a period of rapid cell division without a significant change in
aembryonic size or cellular differentiation. The embryo, at the end of cleav- 'I

age, is referred to as a blastula and consists of a layer of cells, the
blastoderm, surrounding a cavity, the blastocoele. The embryo attaches to
the uterine wall and begins the process of placentation at the blastula
stage. Gaitrulation is the fourth developmental phase acd involves the forma-
tion of germinal layers from the blastoderm. Primary organ rudiments are

derived from the germinal layers during organogenesis, the fifth phase of
development. The sixth phase of development is a period of growth and histo-
logical differentiation. The organ rudiments grow during this period and
acquire the structure and biochemical properties characteristic of adult

tissues. Organs grow by increasing both the number and size of cells. Tis-
sue specific characteristics are established by a differential expression Ii
of the genetic information.

Treatments may affect the various phases of both animal and human
development. The protocol used in our laboratory is designed to determine

H! the davelopmental toxicity of a treatment in laboratory animals. The various
parameters used to measure developmental toxicity help to determine if an
aoent affects any of the six developmental phases previously described.
Since it is not practical to study each phase of development separately, the
various phases are combined into periods of study, The units of study are I
the pre-implantation period (phases 1-3), post-implartation period (phases

3-5), and the period of differentiation (phase 6). jj
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The dom and devtloping animal represent an integrated unit during
the time of treatment. Effects which are observed in the developing animal,
therefore, may be due to toxicity of the treatment in either the dam or
developing animal. As development progresses it becomes more difficult to

attribute an effect to a single period of study or treatment.

N.
B. Fertility and General Reproductive Performance Study

The lertility and general reproductive performance study involves
• I treating females during all six phases of development and treating males

only during the period of gametogenesis. The effect of the troatment in

females is studied at mid-gestation and after delivery. Males, on the other

hand, are mated with normal females and treatment effects are studied in

these females at mid-ges tion and after delivery.

Some females are examined at mid-gestation and the varions pera-,

meters previously described are recorded. The ,umher of corvcra lutes are
counted by gross inspection and this value provides a messurt, of the ova
xelaased during ovulation. The number of implantations is used av t measure

0 of the fertilized ova that developed to a stage where an attachmae .: to the
uterine wall is obvious at the time of inspection. The observatic, ns are .

stmmarized in the form of indexes. The fertility index is the percentage of
mated females that are pregnant. A reduction in this index reflects pro-

implantation losses. The implantation index is the percentage of ova that

implaut and it also provides a measure of pre-implantation losses. The

implant viability index is the percentage of implants which appear normal at

, .the time of examination. A reduction in this index serves as an indication

of post-implantation losses. The gestation index i.s the percentage of pregnant
females with one or more viable embryos and provides a measure ot post-
implaucation survival.

Some femnales are examined ý,fter bi•,th and the growth and develop-
4- ment of the pups is recorded as previously described. Effects observed at

t,his time may have been ptoduced at any of the six developmental phases.
The observations are summarized in the form of indexes. The fertility index

+• -- provides a measure of prenimplanta.tion losses. The gestation and implant

viability indexes calculated on the basis of pups rather than embryos, pro-
vide &a indication of post-implantation losses. The viability index is the
percentage of live-born pups which •urvive to day 4. A reduction in this index
reflects an effect at. the post-implantation or differentatioa period since
normal ptips ý-an survive for brief periods without maternal care. The lac-
tation index is the percentage of pupsci alive on day 4 which survive to day 21

and is a measure of effects uccuring during the period of treatment. A
reduction in this index reflects an impaired ability of the mother to nour-

ais the young, the passage of toxic material to the young through the milk,
and/or the manifestation of a developmental defect.
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Effects observed at the mid-gestation or postnatal examination in L
females mated with treated males are indicative of toxicity produced during
spermiatogenesis, the first phase of development. Abnormalities in sperm
may be manifested at any of the developmental stages beginning with fertili-

zation. The previously described parameters are used to identify these

effects.

C. Teratology Study

The teratology study involves treating pregnant females during the

period of organogenesis and observing fetuses prior to term in order to
identify possible effects on development. Treatment of rodents from day 6
through 15 of gestation roughly corresponds to developmental stages 3 to 5

which are in the post-implantation period. If evidence of toxicity is I
observed during fetal examination, then a primary effect was produced at
any of these stages. The primary effect may be compounded into a series
of secondary effects as development progresses. 13

Malformations may fall into three groupsl~ The first grou i
common variations and includes retarded ossifications. The second group
is minor anomalies and refers to effects such as malformed sternabrae,
wavy ribs, and supernumerary ribs. The third group is major malformations

and includes anomalies which seriously affect the growth and survival of
the offspring. Malformations are not equally significant or useful in
interpreting or extrapolating animal experimental studies to man. Anomalies
such as supernumerary ribs and decreased or abnormal sternal ossification c
patterns, for example, might be of little importance both to the animal and
to attempts at predicting toxicity in humans. Malformations of doubtful I
significance include curly tail, straight legs, malrotated limbs and paws,
wrist drop, protruding tongue, enlarged atria and/or ventricles, abnormal
renal pelvic development and translucent skin. I

The defects are reported as an anomaly index. The percent of the
fetuses with a given defect is calculated for each litter and these values
are then averaged and presented as the mean t standard error (S.E.). The mean
value provides a measure of the affected fetuses per litter for the group

and the standard error provides an estimation of the distribution of the 1
effect between litters within the group.

D. Peri-natal and Postnatal Study

This study involves treating che dam during both the later portion I
of developmental phase 5 and most of phsse 6. The growth and development of
the pups is observed to monitor possible developmental toxicity. The various
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indexes vhich are used to summarize these observations are discussed above
in the section on Interpretation of the Fertility and Ceneral Reprodtictive

Performanc.2 Study.

K V. DISCUSSION OF PROTOCOL

inton A variety of experimental protocols are available to obtain infor-
mation concerning the effects of agents on reproduction and development. An

F •aim of these animal studies is to provide information concerning the risk
of exposing the human population to chemical agents. The procedure used in
our laboratory to obtain this information complies with the FDA guidelines
for general reproduction, teratology, and perinatal and postnatal studies.
There are problems associated with conducting and evaluating the results.

A. 1'4.lems ConductinR Protocol

1. Selection of Test Animal

The ideal test animal should (1) absorb, metabolize and eliminate
the test substance the same way as humans, (2) transmit the substance and
its metabolites to the developing animal at the same rate as humans, and
(3) have embryos, fetuses, and neonates with the same development schedules
and metabolic pathways as the developing human. The existing comparative
data ib insufficient to determine which animal species is most like man in
any of these characteristiis. The currently available information, however,

indicates that no presently used species, including simian primates, is like
man in all of these respects.-1 The degree of similarity to man that a liven
species exhibits may vary from one test substAnce to another. The above
criteria for an ideal test animal should be considered, as far as the avail-
able information permits, in the selection of test species. The advantages 4
and disadvantages of species coumonly used for these tests are:

a. Mouse: The mouse is inexpensive to maintain in large
- breeding colonies and its embryology is well documented. Small size with

a limited supply of tissues and body fluids is a disadvantage in the examina-
tion of fetuses for defects and in studies on absorption, metabolism, and

- excretion of chemical agents. Mice respond to some substances that have
limited teratogenicigy in other anials and have earned the reputation for

1. unusual sensitivity to teratogens.-9

b. Rat: The rat has a convenient size for evaluation and
analytical purposes, high fecundity, and a low incidence of spontaneous
malformations. There is, however, no adequate single source of information

on rat embryology, although this information is covered in numerous researchI papers.



c. Rabt The large size of this species permits the col- (
lection of large amounts of body fluids and tissue. for analysis. Disease

T and parasites present obstacles to high reproductive performance in some
4 'liboratories and good stocks of rabbits are not universally available. The[

embryology is not fully documented for rabbits but is adequat~e for most pur-
poses. Since this species was among the first animals to respond teratogeni-
cally to thalidomide, rabbits have been credited with greater similarity in i
teratogenic sensitivity to man than is warranted. There is no reason to re-
gard the rabbit rather than the various species of rodents, which are their 1
close relatives, as a mor ,valid test animal for evaluating the teratogenic
risk of agents in humans.-

to ~ 2 Selection of Dosa::::o amnstrn ts ubtne

Problems associated with selecting the dosage are the route, amount

to nialsbythe same route that will be used clinically is sound. If

anml r treated orally for a short period of time, as in teratology-
suisthngastric gveispfredto incorporating the agent into

the diet. A stomach tube permits the accurate administration of a dose
&ad eliminates the variables of food wastage and possible chemical change
as a result of exposure to air, light, and other dietary ingredients. Pro-
longed treatment of animals by gastric gavage is not practical, however,

dueto heincreased risk of trauma and expense associated with daily animal
tratens Agents incorporated into an animal's diet may alter the nor-
mal food intake as a result of an effect on appetite or a disagreeable odor
or smell. Pair feeding, therefore, is required to determine the effect of
reduced feed consumption on growth and development.

The dose levels should include a dose which produces maternal toxi-
city. The rationale for selecting this dose is to ensure that a maternal
response is produced. Maternal toxicity may be measured in terms of letha-
lity, weight loss or any other parameter that is related to treatment. If I
development is disrupted at doses which produce maternal toxicity, then
lower doses should be studied in order to identify a dose below which no
effect is observed on development. The identification of a dose which pro-
duces neither adult nor developmental toxicity is of value in estimating
a safe dose for humans.

Animals Pre treated throughout various phases of development in
this protocol to determine the effect of the agent on development. A
treatment schedule which involves prolonged drug exposure presents three I
basic problems which affect the actual level of drug exposure and the detec-
tion of developmental toxicity. First, prolonged drug exposure may increase
the activity of the drug metabolizing enzymes which are responsible for the
biotransformation of chemicals. The metabolism of the test compound, there-
fore, iinrae;mtrabloleesothpaetcmodare dcesd
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and maternal exposure to metabolites may be increased. Second, prolonged
drug exposure may produce liver and/or kidney damage. A reduction in the
functional capibility of the liver reduces the biotransformation of the test

comoun whleimpaired kidney function may reduce the elimination of the
I [ drug from the body. Third, if a compound is administered during the early

portion of gestation, then implantation and early embryonic survival may

be impaired. The presence of small litter size and a high degree of re-

'I. sorption prevents the detection of teratogenic effects.

IThe length of gestation inmost experimental animals is short
compared to that of humans. Treating experimental animals during gesta-
tion may not produce tissue levels which could occur from more prolonged
drug exposure as in human pregnancy. This difficulty can, in some cases,
be overcome by increasing the dose, but problems may arise if the drug is
poorly absorbed or degraded prior to absorption.

3. Determination of Feed Consumption

I Animals may be treated during developmental toxicity studies by
incorporating the test compound(s) into their diet. The compounds may
represent either a fixed or variable percent of the diet. Since feed con-
sumption varies during gestation and lactation, it is advisable to admini-

ster the drug as a variable percent of the diet in order to administer a

cent of the drug in the diet and the amount of feed consumed. Thus, an
accurate estimation of feed intake is imperative.

KAccurate measurement of feed intake in laboratory animals, es-
pecially in rodents, is difficult due to spillage. Feed can be given to

V rats in stainless steel diet feeders (Model HB-69, Hoeltge, Cincinnati,
Ohio) and to mice in stainless steel compartment feeders (Lab Products Inc.,
Garfield, New Jersey) which are designed to eliminate spillage. In most'7 cases, these feeders are spill-proof; however, animals occasionally ac-
quire the necessary skill to defeat the feeder. When feed consumption is
high and the spillage can be measured, then the true feed consumption is
calculated. If, on the other hand, the spillage can not be reasonably

I estimated, the result is omitted.

B. Problems Interpreting the Data

) The ultimate goal of testing drugs in animals is to obtain infor-
-mation for making predictive statements concerning a drug's effect in humans.

There are problems inherent to animal experiments, particularly in reproduc-
tion and teratology studies, which make this extrapolation especially diffi-

- cult. After the data from a developmental toxicity study have been collected
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and analyzed statistically, it is necessary to determine both the signifi-
cance of defects on normal adult animals and the relevance of the defects
to humans.

When developing animals are uxamined at various times after treat-
wment, evidence of deviant development, as demonstrated by growth retardation,
malformations, intrauterine death and functional defects, may be apparent.
These observations, however, do not provide information concerning the con-
sequences of these effects ir. the adult. Growth retardation, for example.
may be present in fetuses during a teratology study but may be absent in
the adult as a result of maturation and compensatory growth processes. A
delayed ossification of bones and the presence of extra ribs are examples
of defects which may be corrected during growth or present a problem of
questionable significance to the adult. The relevance of these defects to
normal growth are, in some cases, difficult to assess experimentally.

SThe variation between species in response to agents presents the
major obstacle to achieving the ultimate goal of any drug testing program.S~These unique responses of species to agents may be due to metabolic and

pharmacokinetic factors.-1 / The complexity of the animal system and degree
of interspecies variability increases during development as a result of the
formation of a planenta and its influence on drug transport, and a changing
embryonic sensitivity to drugs. The ability to demonstrate developmental
toxicity, therefore, depends on biotransformation of the drug by the mother,
placenta, or embryo; pharmacokinetic properties of the drug in the mother
and embryo; and embryonic sensitivity at the time of treatment.

VI. TERMINOLOGY OF ANOMALIES

A. Gross Anomalies

1. General

edematous - abnormal accumulation of clear fluid under the skin 4

hematoma - a localized mass of extravasated blood that is rela-
tively or completely confined within an organ or tissue: not
as a result of cesarean section handling

immature skin - skin is sticky with a shiny appearance

2. Head

anophthalmia - absence of one or both eyes 4"

brachygnathia - abnormal shortness or recession of the mandibles
cranium, domed - excessively domed cranium suggestive of hydro-

cephalus
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exencephalus - skull defective, the brain is exposed or extruded
eye, open - eyeball exposed with lids absent or withdrawn

- lip, cleft - fissure in the lip, usually causing conjunction
of nasal passage and mouth

meningocale - skin int&ct, translucent, and elevated by a
fluid filled vesicle of meninges which protrude through a
midline defect in the cranium

meningoencephalocele - moninges and part of brain protruding
through a cranial defect to cause an irregular mass beneath
the skin

microphthalmia - small or rudinentary eyes
"palate, cleft - fissure in hard palate, due to a failure of

the palatine shelves to unite
platycephaly - flatness of the skull

3. Trunk

anus, closed - (imperforate anus) anus closed by a membrane
so as to prevent the normal passage of intest.nzl contents

gastroschisis - protrusion of intestines and other abdominal
viscera through a ventrual midline defect

kyphosis - convexity backward, dorsal-ventral curvature of
the spine

myelomeningoele - absence of the vertebral arches through
which the spinal cord and its membranes protriide, denoted

-. by a bubble-like bulge along the dorsal midline
rhachischisis - congenital fissure of the spinal column with

failure of the skin and vertebral column to close
spina bifida - absence of the vertebral arches through which

the spinel membranes, with or without the spinal-cord tissue,
protrude, denoteI by a raw, usually bloody depression

umbilical hernia - protrusion of intestines through a small
ventral widline defect

4. Extremities

acaudate - no tail
adactyly - abmence of digits
club foot - abnormal flexion of the foot
micromelia - rudimentary limbs
"oligodactyly - fe-ier than five digits
polydactyly - more than five digits
syndactyly - fused or webbed digits
tail, short - tail is less than half the normal length
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MIUDWEST RESEARCH INSTITUTEi CONTRACT NO. DAHD-17-74-C-4073

•i • 7 July 1975

Data on: Trinitroglycerin

0
Supplier: Atlas Chemical Division

of ICI America Inc. ý%l-CH-JH2

Lot No.: D17-H3 NO 2  "NO

10% trinitroglycerin oni lactose

I. Identity

The sample was extracted with chloroform to remove the trinitro-

glycerin. Evaporation of the chloroform gave a liquid whose infrared

spectrum (between salt plates) was identical to that reported for trinitro-

glycerin.!/

I. Assay

A. Gas Chromatography

The sample was studied by gas chromatography using the following
system:

1. Instrument: Bendix 2500 equipped with flame ionization detector

2. Column: glass, 6 ft x 1/4 in
1.5% DC LSX-3-0295

. I1.5% GE-XE-60
on Gas Chrom Q

3. Nitrogen flow: 30 cc/min

4. Detector T*: 200"

5. Injector T*: 130*

6. Column T*: 1300

S1/ Alma L. Hayden, Oscar R. Sammul, George B. Selzer, and Jonas Carol,

"Infrared and Ultraviolet Spectra of Some Compounds of Pharmaceutical

Interest," Association of Offical Analytical Chemists, Washington,

1972, p. 150.
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MIDWEST RESEARCH INSTITUTE
CONTRACT NO. DAMD-17-74-C-4073

7 July 1975

Data on: Trinitroglycerin /NO 2
0

Supplier: Atlas Chemical Division
of ICI America Inc. .2-CH H2

FLot No.: D17-H3 ýNN0 2 "%N2

10% trinitroglycerin on lactose

I. Identity

The sample was extracted with chloroform to remove the trinitro'
glycerin. Evaporation of the chloroform gave a liquid whose infrared
spectrum (between salt plates) was identical to that reported for trinitro-
glycerin._

II. Assay

A. Gas Chromatography

The sample was studied by gas chromatography using the following 2
system:

1. Instrument: Bend!.- 2500 equipped with flame ionization detector

2. Column: glass, 6 ft x 1/4 in
1.57. DC LSX-3-0295
1.57. GE-XE-60

on Gas Chrom Q

3. Nitrogen flow: 30 cc/min

4. Detector T*: 200*

5. Injector T*: 1300

6. Column TO: 130*

I/ Alma L. Hayden, Oscar R. Sammul, George B. Selzer, and Jonas Carol, )
"Infrared and Ultraviolet Spectra of Some Compounds of Pharmaceutical
Interest," Association of Offical Analytical Chemists, Washington, "
1972, p. 150.K ~232



MIDWEST RESEARCH INSTITUTE
CONTRACT NO. DAMD-17-74-C-4073

7 July 1975

Data on: Trinitroglycerin
INOa

Supplier: Atlas Chemical Division
of ICI America In'. (HZ-(•H-

Lot No.: D17-H3 o 02

10% trinitroglycerin on lactose

I. Identity

The sample was extracted with chloroform to remove the trinitro-

glycerin. Evaporation of the chloroform gave a liquid whose infrared
spectrum (between salt plates) was identical to that reported for trinitro-
glycerin.V-

II. Assay

A. Gas Chromatoiraphv

The sample was studied by gas chromatography using the following
system:

1. Instrument: Bendix 2500 equipped with flame ionization detector

2. Column: glass, 6 ft . 1/4 in
1.57. DC LSX-3-0295
1.5% GE-XE-60
:ton Gas Chrom Q

S3. Nitrogen flow: 30 cc/min

4I . Detector T°: 2000

5. Injector T*: 130*

t "V 6. Column T°: 1300

i: i _/ Alma L. Hayden, Oscar R. Sauziul, George B. Selzer, and Jonas Carol,
"Infrared-and Ultraviolet Spectra of Some Compounds of Pharmaceutical

interest," Association of Offical Analytical Chemists, Washington,

1972, p. 150.
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MIDWEST RESEARCH INST=TUTE
CONTRACT NO. DiAMD-'l7-74-C-4073

7 July 1975

Data on: Trinitroglycerin

Supplier: At.las Chemical Division o I11l! of XIC America Inc. CH2-CH-4¢H2t;:

0 o
Lot No.: D17-H3 " 2N O2-&10

107. trinitroglycerin on lactose

I. Identity

The sample was extracted with chloroform to remove the trinitro-
glycerin. Evaporation of the chloroforw gave a liquid whose infrared

spectrum (between salt plates) was identical to that reported for triniltro-
glycerin.--

jil

A. Gas Chromatouraaph.

The sample was studied by gas chromatography using the following
system:

1. Instrument: Bendix 2500 equipped with flame ionization detector

2. Column: glass, 6 ft x 1/4 in

1.5% DC LSX-3-0295
1.57. GE-XE,-60

on Gas Chrom Q

3. Nitrogen flow: 30 cc/min

4. Detector T°: 2000

5. Injector T*: 130*

6. Column T*: 130*

j1/ Alma L. Hayden, Oscar R. Saumnul, George B. Selzer, and Jonas Carol,

"Infrared-and Ultraviolet Spectra of Some Compounds of Pharmaceutical

Interest," Association of Offical Analytical Chemists, Washington,
1972, p. 150. K
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MIDWEST RESEARCH INSTITUTE
CONlACT MO. DAMD-17-74-C-4073

J 1. 7 July 1975

Datc on: Trinitroglycerin /N2
0

Supplier: Atlas C'hemical Divisic-n

of XCI Americ~a Inlc.H2 C 10
Lot No.: D17-H3 N02 0

S2

I. I10% trinitroglycerin on lactose

The sample was extracted with chloroform to remove the trinitro-
glycerin. Evaporation of the c" I roform gaw. a liquid whose infrared
spectrum (between salt plates) .as identical to that reported for trinitro-
glyce~rin.!/

SII. Assay

A. Gas Chromato!grAph

The sample was studied by gas chromatography using the following14 1 system:

I. Instrument: Bendix 2500 equipped with flame ionizatiork detector

2. Column: glass, 6 ft x 1/4 in
1.5% DC LSX-3-0295
1.57. GE-XE-.60

on Gas Chrom Q

3. Nitrogen flow: 30 cc/min

4. Detector T*: 200'

5. Injector T*: 130'

6. Column T*: 130*

IAlma L. Hayden, Oscar R. Sammul, George B. Selzer, and Jonas Carol,

"Infrared-and Ultraviolet Spectra of Some Compounds of Pharmaceutical

rInterest," Association of Offical Aacalytical Chemists, Washington,

1972, p. 150.
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MIDWEST RESEARCH INSTITUTE
CONTRACT NO. DA -17-74-C-4073

7 July 1975

Data on: Trinitroglycerin N 2

0
Supplier: Atlas Chemi.cal Division

of ICI America Inc. CH2-CH1

Lot No.: D17-H3 N0 toi

107. trinitroglycerin on lactose

I. Identity

The sample was extracted with chloroform to remove the trinitro- 1"
glycerin. Evaporation of the chloroform gave a liquid whose infrared

spectrum (between salt plates) was identical to that reported for trinitro-
glycerin.Y-

II. Assay

A. Gas Chromatoxraphy (

The sample waa studied by gas chromatograpby using the following
system:

1. Instrument: Bendix 2500 equipped with flame ionization detector I
2. Column: glass, 6 ft x 1/4 in

1.57 DC LSX-3-0295
1.5% GE-XE-60

on Gas Chrom Q

3. Nitrogen flow: 30 cc/min

4. Detector T*: 2000

5. Injector T* : 1300

6. Column T*: 1300

SI/ Alma L. Hayden, Oscar R. Samnul, George B. Selzer, and Jonas Carol,

"Infrared-and Ultraviolet Spectra of Some Compounds of Pharmaceutical
Interest," Association of Offical Analytical Chemists, Washington,
1972, p. 150.
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7. References: l-mooonitroglycer.n, 2 -mononitroglycerin,
1,02-dinitroglycerin, 1,3-dinitroglycerin, U.S.P. trinitroglycerin

8. Results: With the peak for trinitroglycerin representing
100%. no other peaks were observed at 1% concentration level by peak area
comparison.

B. Nitro Content

The Lot was analyzed for nitroglycerin content by the method of
Wells.2- The Lot contains 9.72 + 0.09% trinitroglycerin.

III. Conclusions

Lot D17-H3 contains 9.72 + 0.09% trinitroglycerin.

MIDWEST RESEARCH INSTITUTE

?J2hnPheiser'
Junior Chemist

Approved:

Danny 0. Helton
Associate Chemist

2/ Clyde E. Wells, Harvey M. Miller, and Yvonne H. Pfabe, Journ.2. .f the
Association of Official Analytical Chemists, 53, 579 (1970).

I
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7. References: 1-mononitroglycerin, 2-mononitroglycerin,

1,2-dinitroglycerin, 1,3-dinitroglycerin, U.S.P. trinitroglycerin

8. Results: With the peak for trinitroglycerin representing

100%, no other peaks were observed at 17. concentration level by peak area

comparison. i
B. Nitro Content I

The Lot was analyzed for nitroglycerin content by the method of

Wells.2 The Lot contains 9.72 + 0.097. trinitroglycerin.

III. Conclusions

Lot D17-H3 contains 9.72 + 0.09% trinitroglycerin.

MIDWEST RESEARCH INSTITUTE Ii

Junior Chemitt

Approved:

Danny 0. Helton
Associate Chemist

S2/ Clyde E. Wells, Harvey M. Miller, and Yvonne H. Pfabe, Journal of the
Association of Official Analytical Chemists, 53, 579 (1970).
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7. References: 1-mononitroglycerin, 2-mononitroglycerin,
1,2-dinitroglycerin, 1,3-dinitroglycerin, U.S.P. trinitroglycerin

8. Results: With the peak for trinitroglycerin representing
100%, no other peaks were observed at 1% concentration level by peak area
comparison.

B. Nitro Content

The Lot was analyzed for nitroglycerin content by the method of
Wells.! The Lot contains 9.72 + 0.09% trinitroglycerin.

III. Conclusions

Lot D17-H3 contains 9.72 + 0.09% trinitroglycerin.

MIDWEST RESEARCH INSTITUTE

( I

ohn l~heiser
Junior Chemist

Approved:

I Danny 0. Helton
Associate Chemist

/Clyde E. Wells, Harvey M. Miller, and Yvonne H. Pfabe, Journal of the
Associati, f Official Analytical Chemists, 53, 579 (1970).
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7. References: 1-mononitroglycerin, 2-mononitroglycerin,3

1,2-dinitroglycerin, 1,3-dinitroglycerin, U.S.P. trinitroglycerin

8. Results: With the peak for trinitroglycerin representing I
100%, no other paaks were observed at 1% concentration level by peak area
comparison.

B. Nitro Content

The Lot was analyzed for nitroglycerin content by the method of I
Wells.a2 The Lot contains 9.72 ± 0.09% trinitroglycerin.

III. Conclusions

Lot D17-H3 contains 9.72 + 0.09% trinitroglycerin. I
MIDWEST RESEARCH INSTITUTE

/ //John 2 lheiser
"Junior Chemist L.

Approved:

Danny 0. Helton
.Associate Chemist

2_/ Clyde E. Wells, Harvey M. Miller, and Yvonne H. Pfabe, Journal of the 1.
Association of Official Analytical Chemists, 53, 579 (1970).
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7. References: 1-vaononitroglynerin, 2-mononitroglycerin,
1.2-dinitroglycerin, 1, 3-dinitroglycerin, U. S.P. trinitrohlycerin

8. Results: With the peak for trinitroglycerin representing

"100%, no other peaks were observed at 1% concentration level by peak area

comparison.

B. Nitro ContentSThe Lot was analyzed for nitroglycerin content by the method of

Wells.11 The Lot contains 9.72 + 0.09% trinitroglycerin.

III. Conclusions

Lot D17-H3 contains 9.72 + 0.09% trinitroglycerin.

MIDWEST RESEARCH INSTITUTE

John lhoeise~rXVJunior Chemist
Approved:

Danny 0. Helton
SAssociate Cemist

Ii

j/ Clyde E. Wells, Harvey M., Miller, and Yvonne H. Pfabe, Journal of the

Association of Official Analytical Chemists, 53, 579 (1970).

I4



7. References: 1-mononitroglycerin, 2 -mononitroglycerin, 3
1,2-dinitroglycerti, 1,3-dinitroglycerin, U.S.P. trinitroglycerin

8. Results: With the peak for trinitroglycerin representing3
100%, no other peaks were observed at 1% concentration level by peak area

i!!•'' comparison.I

B. Nitro Content

The Lot was analyzed for nitroglycerin content by the method of I
W[ .is.2/ The Lot contains 9.72 + 0.09% trinitroglycerin.

III. Conclusions

Lot D17-U3 contains 9.72 + 0.09% trinIitroglycerin. 
!

MIDWEST RESEARCH INSTITUTE I

Z~n Phaei~ser'
Junior Chemist

Approved:

kI
Danny 0. HeltonAssociate Chemist

1.
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Association of Official Analytical Chemists, L3. 579 (1970).
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